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ABSTRACT

The time series analysis package (TSAP) presented here
in the form of a user's manual, is a set of eleven interactive,
functionally dependent time series programs which are accessible
in any order from a remote terminal. TSAP has been designed so
that an analyst can conduct a basic portion of the statistical
calculations involved in multiple time series analysis during one
session at a terminal. This allows the analyst to avoid the waiting
times between outputs that occur with standard batch processing.
In addition, it takes advantage of the sequential nature of the
statistical computations involved in the analysis of time series.
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INTRODUCTION

The result of any particular statistical computation
produces two types of information, one type leading to a conclu-
sion and the other suggesting a particular direction for further
analysis. With respect to the analysis of time series, the
analyst usually has a general idea of the avenues of investigation
likely to provide a broad preliminary understanding of the particular
problem, e.g., how two series are statistically related or what is
the statistical mechanism generating a single series. Since the
direction of the investigation after the completion of any particular
segment of the computations depends on the results of that segment,
he must view the results of a large number of intermediate steps of
the analysis before he can reach a point where a detailed evaluation
and summary of the data can begin. Unfortunately,each segment
usually requires at least one run on a computer and, more often
than not, several hours elapse before the resulcs can be viewed.
On the other hand, the decision concerning the next step of the
analysis can usually be made immediately, say in the length of time
it would take the results to print out at a terminal.

TSAP, the terminal time series analysis package presented
here, is designed to eliminate this miss-match between the computer
and analyst by furnishing him with a set of interactive, function-
ally dependent time series programs; these pronrams are accessible
in any order from a remote terminal.

The particular set of programs which are presently
available in TSAP are necessary for the first steps in the analysis
of any time series data. Further reduction of such data may require
programs that are best kept in a batch mode (e.g., the method using
the cross-spectral information of several series to improve the
least squares estimates of the coefficients in a multiple time
series regression). More programs will be added as they prove
useful or are required in the solution of a particular problem.

For this reason TSAP is provided with an index (cf., Appendix III)
that may be consulted to determine what programs are available.
The Bellcomm Univac 1108 implementation of TSAP is in file
RRS*TSAP.

B b
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Descriptions of the TSAP programs are given in section 1
together with a brief nontechnical explanation of their use or
meaning. This section also contains a diagram indicating the
principal ways the programs in TSAP may be combined. The way in
which data files are generated and used is described in Section 2.

Section 3 contains a series of examples (pages, 10, 22 and
30) that illustrate most of the present capabilities of TSAP and is

intended as a users guide.(l)

Section 4 contains a discussion of program techniques and
the flow charts of each of the programs; the listings are given in
Appendix III. Some elemertary remarks concerning time series together
with the computational formulae used in the various programs are given
in Appendix I. Details concerning the various filters available in
TSAP are given in Apperdix II.

1.0 PROGRAMS

This section contains a list of the programs in TSAP
together with a brief description of their use.

(1) Data Transformations and Filters (FILTER)

The purpose of this program is to allow the user to
prepare the data for time series analysis. For example,
this might include transforming the series into the
logarithms of its absolute values and then centering

the resulting series at its mean in an effort to obtain

a series that approximates a zero mean Gaussian time
series. A series could be pre-whitened for spectral
estimation by applying an appropriate high-pass filter;
alternately, a trend in the series could be estimated

or a cycle removed by using one or more of the available
filters. The program is designed so that any subset of
its transformations or filters may be applied sequentially
to a particular time series with a single request for the
element labeled FILTER. The transformations that are
available in this program are listed when the user calls
@filter; details concerning these transformations are
given in Appendix II.

(2) Auto-Covariance and Auto-Correlation (ACF)

The sample auto-correlation function calculated with this
program is a measure of the "memory" or inertia of the
process generating the time series; this information can
be used to some extent in model discrimination. The
primary purpose of the auto-covariance function is in
calculating the spectrum of the series.

(l)Although some remarks concerning statistics have been made
to prevent misunderstanding and to motivate the use of a particular
sequence of programs, this section is not meant to be tutorial in
statistics; it assumes an elementary knowledge of this area.
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(3) Partial-Auto-Correlation Function (PACF)

This function describes the correlation between two distinct
members of a time series with the linear affect of inter-
vening members removed. The program allows the user to
calculate (up to) the first sixty values of the partial-
auto-correlation function. It also computes the residual
variance of auto-regression (a.r.) models,

y(t) = ap + of y(t-1) +...v oy y(t-p) + e(t) ,

up to order p = 60. On the basis of these results the user
may determine the order of the best fitting a.r. model.
Once the order is furnished, the program will print out the
coefficients of the corresponding a.r. process. The
appropriateness of the model may be judged by submitting
the residuals of the fitted a.r. model to ACF and ASF.

(4) Auto-Spectrum (ASF)

An estimate of the auto-spectrum of a stationary time
series is calculated and plotted at the terminal; if
requested, its upper and lower 90% confidence limits are
superimposed on the spectrum plot. On2 of the main pur-
poses of this program is to determine which frequency bands
contribute significantly to the total variance of the
series. Another is in suggesting and testing the appro-
priateness of parametric models for the series being
studied.

(5) Cross~Covariance (XCF)

This program is used primarily as data for the cross-
spectral routine.

(6) Cross-Spectrum (XSF)

This program calculates estimates of the co-spectrum and
the quadrature spectrum of pairs of (jointly stationary)
time series. These quantities measure the covariance
between the "in-phase" and the ";/2 out-of-phase" fre-
quency components of the two series, respectively. The
co~ and quadrature spectrums, together with results from
ASF, are used to calculate the coherence and phase of the
pair of series. The coherence is a measure of linear
relationships between frequency components of the series,
while the phase measures lead and lag relationships. The
arc-tanh of the coherence is plotted to obtain confidence
bands which are independent of frequency.
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(7) Least Squares Regression (LSRA and LSRP)

Least squares regression is included in the system for
several purposes. It provides a method of estimating
the trend comporent of a series, furnishes the standard
errors of auto-regression coefficients (the order of the
a.r. is determined with PACF) and gives preliminary esti-
mates of the coefficients in a multiple regression on
time series.

Two separate least squares regression programs(l) are
included in TSAP: LSRA and LSRP. LSRA is a forward
stepwise regression program that includes an analysis

of variance table at each step together with a table of
observed values, expected values and percent deviation,
printed out at the request of the user. LSRP is a back-
ward regression program whose main featu-e is that

it yields predicted values with upper and lower predic-
tion limits.

(8) Save

After an application of the program FILTER the user is
asked whether or not he wants the transformed series
stored. If the answer is yes and the data format is
specified, then the series is automatically stored, but
the user must supply the statement @SAVE FILTER, [series
name] to be able to reference the series for later use. (¢)
Similar statements are required after executing the LSRA,
LSRP or COMB programs (e.g., @SAVE LSRA,[series namel).

(9) Combination of Series (COMB)

Given two time series of the same length, this program
enables the user to perform term by term addition (ADD),
subtraction (SUB), multiplication (MPY) or division (DIV)
of the two series. COMB also allows one to concaienate
(CON) series of arbitrary length.

(10) MATH Conversion (MATHCON)

In some applications, the user requires a series of values
of some known or constructed function and a way to easily
combine this series algebraically with an observed series

(l)Both of these programs are modifications of regression
programs available in the UNIVAC Stat-pack program library.

(Z)This control statement stores the series in the TPF; if the
user has a catalogued file he may store the series in this file by
typing @SAVE FILTER, [FILE.SERIES NAME].
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being analyzed with TSAP. This can be accomplished without
leaving the terminal by generating the required series with
MATH and combining it in TSAP (using COMB) with the observed

series. MATHCON eliminates the incompatibilities in I/O(l)

between the two series.
Additional programs that ave available for batch runs, but
have not been included in TSAP at the present time include

b
(A) Time Series Regression (TSR)(“)

This program combines the preliminary least couares estimates
in a multiple regression on time series with cross-spectral
information between series to produce asymptotically efficient
estimates of the regression coefficients.

(B) Histogram and Scatter Plot Programs (HIST, SCAT)(Z)

Work is in progress on the following programs: a means of
estimating mixed regression, auto-regression and moving average models
and a program for forecasting with such models.

The efficiency and effectiveness of 1TSAP would be enhanced
with the addition of CRT (Cathode Ray Tube) display capabilities to
aliow more outputs. This would provide the user with a more compre-
hensive system containing programs dealing with graphics.

Another possible improvement which will be looked into
concerns the formatting structure. At present each input or output
series requires a format; this reduces data format conversions at
the expense of answering questions. An alternative method would be
to have a fixed format, say G20.10, in which all data is read and
written. This would reduce the number of user responses but also
reduce the generality of the input data structures. A way around
this is to add an option, say F, to allow the present dialogue to be
used.

The following diagram indicates the ways in which the
TSAP programs may be linked together in applications. These will be
further described by means of the examples given in Section 3.

(l)MATH "SAVED" elements are in fixed point and floating point
notation, using *10**n instead of the FORTRAN E+n. A format of
(G20.10) will suffice to read the converted series.

(Z)TSR will be documented in the near future; HIST is a
corrected UNIVAC Stat-pack routine and SCAT is obtainahle from
R. R. Singers.
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2.0 GENERATION AND USE OF STORED DATA ELEMENTS

The first step in applying TSAP to a particular set of
time series data is to make this data accessible from the terminal.
This can be accomplished by using the EXEC 8 control statements
@ELT and @GADD. The control statement ELT allows the user to place
the data into the machine, via the card reader or the terminal,
with a name attached te it. This name together with the @ADD
statement makes the data available for use in TSAP.

The ELT processor allows one to generate a data element
in a file using the following control card (starting in column 1):

@ELT, I, QUAL*FILE.ELEMENT
where , indicates one or mare spaces.

QUAL*FILE. is the name of the catalogued file(l) into
which the user wants the data stored. This field may be left
blank, in which case the user temporary file, TPF$, is used.

ELEMENT is the name of the data series. The data follows
immediately after this card and the element is terminated when the
next control card is read.

When the data is asked for within TSAP, the element can
be obtained by using the following control card (starting in
column 1):

@ADD .QUAL*FILE.ELEMENT

The following are fonr examples of ELT processor use:

l) For external card deck
(a) without previously catalogued file
l. @QRUN,/NR.INIT,ID,PROJECT,15,150
2. @ASG,CP.QUAL*FILE.,F2
3. QELT,IL.QUAL*FILE.ELEMENT
4. (Data cards)

5. @FIN

(1)See [14] for definition of catalogued file.
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(b) with previously catalogued file
1. @RUN,/NR.INIT,ID,PROJECT,15,150
2. @ASG,A-QUAL*FILE.

3. @QELT,IL QUAL+FILE.ELEMENT
4. (Data cards)

2) For terminal input
(a) without previously catalogued file
l., E@RUN.INIT,ID,PROJECT,?70
2. @ASG,CP.QUAL*FILE. ,F2

3. QELT,I.QUAL#FILE,ELEMENT
4. (Type in data)

(b) with previously catalogued file
1. @RUN,INIT,ID,PROJECT,70

2. @ASG,A.QUALsFILE.

3. @ELT,I.QUAL*FILE,ELEMENT

4. (Type in data)

(1) It is necessary for all data to be in FORTRAN formatted
I/0.

(l)For information on formats see [13].
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3.0 USING TSAP

The mechanics of using TSAP will now be explained by
means of several examples. These examples fall into essentially
three groups and begin on pages 10, 22 and 30.

The first group involves a single time series and uses
that portion of TSAT indicated in Figure 2. The first example
within this group illustrates spectral estimation using a Tukey
window at two different bandwidths. These spectra together with
their 90% confidence bands are plotted against frequency in cycles
per unit time, The spectrum of the time series is then estimated
by means of both the Daniell and Tukey windows and plotted acainst
period with no confidence bands. The second and third examples
within the first group illustrate two types of Goodman filters
applied to the series and the spectra of the resulting series.

To aid the reader, an arrow has been added to the left
margin of the terminal printout each time a new reruest is made
for a TSAF program.

Finally, it should be remembered that each group of
examples was executed in one session at a remote terminal; depending

on the user, the amount of his time required for computations simila.
to those in one of these groups would be between 10U ara 3w minutes.

FILTER p——P SAVE ACF —"T

’Ln-'-_

FIGURE 2
We will assume that the series has been stored in the
machine, as explained in the previous section, under the name
yl0e; it contains 362 terms.
In order to activate the terminal, assign the file and

copy it over into a temporary file we type the terminal number,
say

BTL1,

followed by
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@RUN ,INITIALS,ACCOUNT ,PROJECT ,MAXTIME ,MAXPAGES

@ASG,AX .RRS*TSAP.

@COPY,P .RRS*TSAP. ,TPFS,

The first program called is @filter(l):

< @filter

'FILTER' CONTAINS THE FOLLOWING FILTERS:
CENTER,EXP,LOG,DIFF,10**,1L0G10,SQRT,LAG,ABS, TUKEY (HIGH AND LOW

PASS) , GOODMAN,SCALE.
TO TERMINATE THE FILTER SEQUENCE,REPLY WITH 'END'.

THE FINAL SERIES IS STORED ON UNIT 8 (IF DESIRED).
LENGTH OF SERIES TO BE READ IN?
362 The entire series that is stored
INPUT DATA FORMAT? I in the data file must be read in
(4el5.8) at this point.
INPUT DATA:
@add ylOe
LENGTH OF SERIES TO BE USED? Here we could have deleted any
362 <———[number, m, of consecutive terms from
"MEAN=  .37433816+01 the end of the series by typing 362-m.
LENGTH= 362
After each request for a filter the
mean of the filtered series together
.35338186-05 with its length is automatically
Lrented out.

FILTER?
center
MEAN=
LONGTH= 362

FILTER?
) end
“.._DO YOU WANT TO SEE PART OF THE SERIES (YES/NO)?

no
DO YOU WANT THE FINAL SERIES STORED (YES/NO)?
es
OUTPUT -DATA FORMAT?
(4e15.8)
SERIES STORED.
FILTER TERMINATES.
- @save filter, yl000°

(l)The underlined quantities are the users responses to the

preceéding program guestions. The italicized type indicates

explanatory comments that have been placed onto the terminal
printout to aid the reader of this memorandum.
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The name of the ylOe series after the above transformations
is y1000. The auto-correlation function of yl000 is calculated next:

- @acCf
ACF COMPUTES THE AUTO-COVARIANCE/CORRELATION FUNCTION OF A SERIES.
THE COVARIANCES ARE STORED ON UNIT 1 IN BINARY (IF DESIRED)
IN CONSECUTIVE ORDER.

DO YOU WANT COVARIANCE (COV) ,CORRELATION (COR) OR END?

cor

"LENGTH OF SERIES?

362

"NUMBER OF LAGS (ZERO INCLUDED)?

41

TINPUT DATA FORMAT?

(4el5.8)

INPUT DATA:

@add y1000
0 .10000000+01 13 .18489365-01 26 .11289490+00
1 .46415033+00 14 .11077084+00 27 .15901410+00
2 .17615860+00 15 .17462706+00 28 .11500745+00
3 .49235427-01 16 .35404109-01 29 .93957893-01
4 -.50011224-01 17 -.16164341-01 30 .97580075-01
5 -.26090787-01 18 .35023679-03 31 .59549038-01
6 -.19535766-01 19 .60941407-01 32 -.80215645-02
7 -.31009051-01 20 .61706792-01 33 -,28728484-01
8 -.47952917-01 21 .17506226-01 34 .53134954-01
9 .23769772-02 22 -.79266704-01 35 .18498416-01

10 .21561115-01 23 -.79293265-01 36 .18898459-01
11 .10452646-02 24 .13103552-01 37 -.31084192-02
12 .25509858-02 25 .82080608-01 38 .88336019-01
39 .14070644+00
40 .96740634-01
VARIANCE= .34657791+00
MEAN= .35338186-05
DO YOU WANT THE COVARIANCES STORED (YES/NO)?
es
COVARIANCE STORED.

DO YOU WANT COVARIANCE (COV) ,CORRELATION (COR) OR END?
end _ .
ACF TERMINATES.
. @3S f

ASF COMPUTES THE AUTO SPECTRUM FUNCTION.
IT IS ASSUMED THAT ACF WAS CALLED AND THE DESIRED COVARIANCES STORED.
THE AUTO-SPECTRA ARE STORED ON UNIT 2 (IF DESIRED) CONSECUTIVELY. .
DATA SPACING?

1.

"WINDOW TO BE USED (TUKEY/DANIELL)?
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tukex

BANDWIDTH PARAMETER?

18

- 12 -

"NUMBER OF FREQUENCY POINTS TO BE VIEWED?

33

DO YOU WANT CONFIDENCE LIMITS (YES/NO)?

yes

DO YOU WANT FREQUENCY (FREQ.) OR PERIOD (PERIOD) DISPLAYED?

freg.

AUTO-SPECTRUM:

FREQ.
.0000
.0156
.0313
.0469
.0625
.0781
.0938
.1094
.1250
.1406
.1563
.1719
.1875
.2031
.2188
.2344
.2500
.2656
.2813
.2969
.3125
.3281
.3438
.3594
.3750
.3906
.4063
.4219
.4375
.4531
.4688
.4844
.5000

SPECTRUM

.74730+00
.74350+400
.74541+00
.76602+00
.78415+00
.76448+00
.70337+00
.62974+00
.56432+00
.50291+00
.44168+00
.39207+00
.35903+00
.32513+00
27371400
.21620+00
.17947+00
.17243+00
.18018+00
.18700+00
.18969+00
.18850+00
.18017+00
.16534+00
.15253+00
.14782+4+00
.14651+00
.14004+400
.12689+00
.11207+00
.99940-01
.91983-01
.89126-01

i

- % -, %
* .
o g T .
. *
Tt T/ * . *
» . .
o i
* . +
_ . et e —
* L[]
_ i e
* . +
_ .- N S e
* +
S L A e
* ., 0+
e e
* +
. T
., ¢
e S -
* . 0+
*, + - -
* ., o+
R -
* ., 0+
e e e
* , +
., +
*, +
S (1 ’
) ARE: CU= 1.39722 , CL= .75097

THE 90% CONFIDENCE LIMITS FOR NU=57

(1)

-is defined in Appendix I.

NU, the number of degrees of freedom of the spectral estimator,
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THE SQRT OF VARIANCE RATIO IS: 19.311%
DO YOU WANT THE SPECTRUM STORED (YES/NO)?
no
"DO YOU HAVE ANOTHER SERIES (YES/NO)?
yes

IS THE SERIES THE SAME (YES/NO)?

os (D)

DATA SPACING?
1.
"WINDOW TO BE USED (TUKEY/DANIELL) ?

tukex

BANDWIDTH PARAMETER?

33

"NUMBER OF FREQUENCY POINTS TO BE VIEWED?

33

"DO YOU WANT CONFIDENCE LIMITS (YES/NO)?

es

DO YOU WANT FREQUENCY (FREQ.) OR PERIOD (PERIOD) DISPLAYED?

freq.

(])This illustrates the usual method of calculating the
spectrum at successively smaller bandwidths ("window closing")
in order to determine the structure of the true but unknown

" spectrum.
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AUTO-SPECTRUM:

FREQ. SPECTRUM

.0000 .88953+00 * .

.0156 .73221+00 -~ * . +

.0313 .62610+00 * . +

.0469  .73374+00 R * . +

.0625 .90672+00 * .

.0781  .84932+00 —~ — T - * . +
.0938  .62948+00 * . +

.1094 .59679+00 -~ B . ' +

.1250 .56681+00 * . +

.1406 .56516400 — —~ "W A

L1563  .45911+00 * . +

.1719  .26265+00 . +

.1875  .35751+00 . . +

.2031 .45512+00 T T e ) .

.2188  .27104+00 * ., +

.2344  .12386+00 WL T ' i

.2500 .15475+00 * ., ¢

.2656 .20220+00 TTTWT ¥ -7 o
.2813  .19€A0+00 ., +

.2969  ,16452+00 B PR T i

.3125 .16827+00 ., +

.3281 .22187+00 ~— %, ¥ oot o o )
.3438  ,20527+00 * +

.3594 .14452+00 L - T T i
.3750 .12858+00 * 0+ L
.3906 .14862+00 ~— %, ¢~ "7 T 7 )

.4063  ,16991+00 * + o B}

.4219 .14789+00 =~ %, + T

.4375 .11107+00 *, +
.4531  ,10553+00 v, +
.4688  .11495+00 ", o+
.4844 .91251-01 = *.¥
.5000 .64649-01 *.+
THE 90% CONFIDENCE LIMITS FOR NU=30 ARE: CU= 1.63145 ,ClL= .68925
THE SQRT OF VARIANCE RATIO IS: 26.148 % .
DO YOU WANT THE SPECTRUM STORED (YES/NO)?

no -

In this last example we see that the square root of the
variance ratio is about 26%; that is, fractional errors of about
26% in either direction can be expected. It was decided that with
this length of series it would be difficult to obtain both high
resolution (small bandwidth) and reliability. However, suppose
for illustration that a bandwidtn parameter of 33 gives us the
proper resolution and then compare the spectral estimate obtained
using the Daniell window with that obtained using the Tukey
" window.
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- Gasf,n (1)
DATA SPACING?
1.
“WINDOW TO BE USED (TUKEY/DANIELL; ?
daniell
"BANDWIDTH PARAMETER?
33
“NUMBER OF COVARIANCES TO BE USED?
362
NUMBER OF FREQUENCY POINTS TO BE VIEWED?
33
“DO YOU WANT CONFIDENCE LIMITS (YES/NO)?
no
“DO YOU WANT FREQUENCY (FREQ.) OR vERIOD(PERIOD) DISPLAYED?

period

(2)

(l)The "n" option is supplied to suppress the initial commentary
for the experienced user.

(Z)If there are N terms in the series, then to employ the
Daniell window, N covariances (including the variance) must be
calculated in ACF and used in responding to the 4th gquestion in
ASF. If any number of covariances less than this number are
either calculated or used, a request for the Daniell window will
yield a truncated Daniell window.




BELLCOMM. INC. - 16 -

AUTO-SPECTRUM:
PERIOD SPECTRUM
99.9999 .88676+00
64.0000 .75138+00
32.0060 .63410+00
21.3333 .69779+00
16.0000 .10041+01
12.8000 .85815+00

10.6667 .50042+00 ’ .
9.1429 .57420+00 ) .
8.0000 .59914+00 0 s .
7.1111 .62584+00 B o _

6.4000 .43762+00 T .

5.8182 .23736+00 . - ~
5.3333 .43552+00 T ’ .

4.9231 .45420400 , R )
4.5714 .21520+400 T, ’

4.2667 .10984+00 . )

4.0000 .16376400 T

3.7647 .19306+00 » B )

3.5556 .19815+00 ' .

3.3684 .16836+00 . i
3.2000 .13186+00 T

3.0476 .24439+00 .

2.9091 . 23136400 .

2.7826 .14539+00 e

2.6667 .13965+00 N

2.5600 .12276+00 . L L
2.4615 .16503+00 T Ty

2.3704 .15110+00 . ]

2.2857 .10209400 ~— T 0 T T 7T

2.2069 .11633+00 .

2.1333 .11029+00 LT -
2.0645 .95078-01 .

2.0000 .67187-01 . S
DO YOU WANT THE SPECTRUM STORED (YES/NO)?
E%b YOU HAVE ANOTHER SERIES (YES/NO)?

ig THE SERIES THE SAME (YES/NO)?

g:TA SPACING?
£'V-—W'INDow TO BElUSED(TUKEY/DANIELL)?
E%%%%WIDTH PARAMETER?
E%UMBER OF FREQUENCY POINTS TO BE VIEWED?
é%b YOU WANT CONFIDENCE LIMITS (YES/NO)?
no
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DO YOU WANT FREQUENCY (FREQ.) OR PERIOD (PERIOD) DISPLAYED?
eriod

AUTO-SPECTRUM

“PERIOD  SPECTRUM

99.9999  .88953+00 .
64.0000 .73221+00 .
32.0000 .62610+00 .
21.3333  .73374400 .
16.0000 .90672+00 .
12.8000  .84932+00 .
10.6667  .62948+00 .
9.1429  .59679+00 :
8.0000 .56681+00 .
7.1111  .56516+00 - ' .
6.4000  .45911+00 .
5.8182  .26265+00 . -
5.3333  .35751+00 .
4.9231  .45512400 - - .
4.5714  .27104+00 .
4.2667 .12386+00 —— .
4.0000 .15475+00 .
3.7647  .20220400 T U,
3.5556  .19860+00 .
3.3684  .16452+00 T, -
3.2000 .16827+00 .
. 3.0476  .22287+00 .
‘ 2.9091  .20527+00 .
2.7826  .14452+00 .
2.6667 .12858+00 .
2.5600 .14862+00 U v oo oo ceemm =
2.4615  .16991+00 .
2.3704  .14789+00 T e ST T s
2.2857 .11107+00 .
2.2069 .10553+00 L, T
2.1333  .11495+00 .
2.0645 .91251-01 -~ , -

2.0000 .64649-01 . .
DO YOU WANT THE SPECTRUM STORED (YES/NO)?
no
“DO YOU HAVE ANOTHER SERIES (YES/NO)?
no
“ASF TERMINATES.

We now return to the filter program and illustrate the
use of the Goodman filters (cf., Avvendix III):

- @filter,n
LENGTH OF SERIES TO BE READ IN?
362
INPUT DATA FORMAT?
e
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(4el5.8)
INPUT DATA:
@add y1000
LENGTH OF SERIES TO BE USED?
362
“MEAN= .35338186-05
LENGTH= 362

FILTER?
oodman

LENGTH OF MOVING AVERAGE (ODD NUMBER) ?
41
“NUMBER OF TRIANGLES?

1

"DATA SPACING?

l.
"HIGH PASS (HIGH), LOW PASS (LOW), PASS BAND (PASS) OR REJECT BAND (REJECT)?
reject

CENTER FREQUENCY?
.074

MEAN= -.25713835-01

LENGTH= 322

FILTER?
end
DO YOU WANT TO SEE PART OF THE SERIES (YES/NO)?
no
“DO YOU WANT THE FINAL SERIES STORED (YES/NO) ?
es
OUTPUT DATA FORMAT?
(4el5.8)
SERIES STORED.
FILTER TERMINATES.
= @save filter, yl000rl3

Thus, after filtering the series consists of 322 terms;

20 terms off of each end of the series ylOb were required to remove
the spectral content at the frequency .074 (cycles/day) or at

13.5 (days). The filter is triangular and frequencies in a
neighborhood, of length .1, centered at .074 are attenuated.

The new series was saved, and its auto covariance function was
calculated and stored. The known affect (Appendix I) of this
filter on the spectrum may be observed by calculating its spectrum:
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-p- @asf,n

DATA SPACING?

1

- 19 -

"WINDOW TO BE USED (TUKEY/DANIELL)?

tuke

BANDWIDTH PARAMETER?

33

"NUMBER OF FREQUENCY POINTS TO BE VIEWED?

33

"DO YOU WANT CONFIDENCE LIMITS (YES/NO)?

no

DO YOU WANT FREQUENCY (FREQ.) OR PERIOD (PERIOD) DISPLAYED?

period

AUTO-SPECTRUM

PERIOD
99.9999
64.0000
32.0000
21.3333
16.0000
12.8000
10.6667

9.1429

8.0000

7.1111

6.4000

5.8182

5.3333

4.9231

4.5714

4.2667

4.0000

3.7647

3.5556

3.3684

3.2000

3.0476

2.9091

2.7826

2.6667

2.5600

2.4615

2.3704

2.2857

2.2069

2.1333

2.0645

2.0000

SPECTRUM
.95803+00
.73078+00

.46987+00

.28421+400
+77602-01
.29739-01
.17326+00
.40914+00
.53168+00
.57579+00
+ 44402400
.25050+00
.37526+00
.49792+00
.30044+00
.13079+00
.16472+00
.22356+00
.21855+00
.18145+00
.18210+00
.23152+00
.20816+00
.14103+00
.13133+00
.14793+00
.16166+00
.14852+00
.11957+00
.11832+400
.12439+00
.91969-01
.63272-01
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DO YOU WANT THE SPECTRUM STORED (YES/NO) ?
no
“DO YOU HAVE ANOTHER SERIES (YES/NO)?"
no
TASF TERMINATES.

In order to illustrate the use of a low pass filter and
view its affect on the spectrum of the filtered series we return
to FILTER and call an adaptation of Goodman's trapezoidal filter
(cf., Appendix II):

FILTER?
goodman

LENGTH OF MOVING AVERAGE (ODD NUMBER)?

41
"NUMBER OF TRIANGLES?

5

"HIGH PASS (HIGH), LOW PASS (LOW), PASS BAND (PASS) OR REJECT BAND (REJECT)?
low

DATA SPACING?

1 .
“CUT-OFF FREQUENCY IS .2250000
DO YOU WANT TO CHANGE INPUT VALUES (YES/NO)?
no
"MEAN=  -,27138643-01
LENGTH= 322
FILTER?
end
“DO YOU WANT TO SEE PART OF THE SERIES (YES/NO)?
no '
“DO YOU WANT THE FINAL SERIES STORED (YES/NO)?
xes
OUTPUT DATA FORMAT?
(4el15.8)

“SERIES STORED.
FILTER TERMINATES.
@save filter, ylOlow

€azf,n

DO YOU WANT COVARIANCE (COV) ,CORRELATION (COR) OR END?
cor

LENGTH OF SERIES?

322
“"NUMBER OF LAGS (ZERO INCLUDED)?

33
TINPUT DATA FORMAT? °
(4el15.8)

INPUT DATA:

@add ylOlow
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.10000000+01
.74633370+00
.24772014+00
-.62077395-01
-.58770868-01
.31103434-01
.13050401-01
-.49668995-01
-.21093979-01
.69109890-01
10 .87358192-01
11 .14558297-01

WOTRRUNEWNN PO

VARIANCE= .26590697+00
MEAN= -,27138641-01

12
12
14
15
16
17
18
19
20
21
22
23

- 21 -

-.25210146-01
.52257420-01
.16964401+00
.18732763+00
.83261370-01
.17561690-01
.22876046-02
.92481258-01
.12817274+00
.42624820-01
.76860528-01
-.10038714+00

24
25
26
27
28
29
30
31
32

DO YOU WANT THE COVARIANCES STORED (YES/NO)?

yes
COVARIANCE STORED,

-.73984930-02
.10968976+00
.16955650+00
.17834130+00
.18380984+00
.19426458+00
.17436985+00
.10661660+00
.32856451-01

DO YOU WANT COVARIANCE (COV) ,CORRELATION (COR) OR END?

end

ACF TERMINATES.
@asf,n

DATA SPACING?

1

tukey
BANDWIDTH PARAMETER?
33

“NUMEER OF FREQUENCY POINTS TO BE VIEWED?

33

“DO YDU WANT CONFIDENCE LIMITS (YES/NO)?

no

“WINDOW TO BE USED (TUKEY/DANIELL)?

DO YOU WANT FREQUENCY (FREQ.) OR PERIOD (PERIOD) DISPLAYED?

freq.
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AUTO-SPECTRUM:

FREQ. SPECTRUM
.0000 .97734+00 -
. 0156 .75601+00 .
.0313 .56642+C0 - . . C e e
.0469 .64053+00 .
.0625 .79873+00 T 77 - SR S
.0781 .76774+00 )
.0938  .62412+00 - .
.1094  .62409+00 .
.1250  .58374+00 .
.1406 .58306+00 .
.1563  .45604+00 R T e e e
.1719 .25828+00 .
.1875  .39156+00 T R
.2031  .50674+00 .
.2188  .29786+00 s — el L el
.2344  ,10037+00 .

.2500 .37529-01
.2656 .94984-02
L2813  ,17673-02 T Tt ToTTooTT oo mmemmmo o e
.2969 .11131-02
.3125 .14980-02 , 7 T TTTTr oo oo
.3281 .15829-02
.3438  .15418-02
.3594  .12205-02
.3750 .11983-02
.3906 .10520-02
.4063 .11808-02
.4219  .11860-02
.4375 ,10052-02
.4531 .98564-03
.4688 .12136-02
.4844 .10427-02
.5000 .88202-03 —,

DO YOU WANT THE SPECTRUM STORED (YES/Nu)?

no

DO YOU HAVE ANOTHER SERIES (YES/NO)?

no

TASF TERMINATES.

o o

» o |e e s o

i
|

The second group involves two time series and uses that
portion of TSAP shown in Figure 3. This example shows the sequence
required to obtain the coherence and phase.
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FILTER
SAVE
XCF | ACF
ASF
—__*__ Y ___
:- CO-SPECTRUM | r COHERENCE =
QUADRATURE PHASE
| specTRUM |  XSF A |
FIGURE 3

Since the filter program has already been demonstrated,
we will assume that both series are prepared for(?yectral analysis

and have been saved under the names ybh and sskp The first program
called is ACF:

-» @acf,n

DO YOU WANT COVARIANCE (COV) ,CORRELATION (COR) OR END?
cor

TLENGTH OF SERIES?

362

"NUMBER OF LAGS (ZERO INCLUDEL;?
33

TINPUT DATA FORMAT?

(4el15.8)

INPUT DATA:

@add ybh

(l)SSKP is saved in the file gra while ybh is in TPFS$.
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0 .10000000+01 11 -.31216709-01 22 -.63481236-01
1 .60598906+00 12 -.34091541-01 23 -.51319714-01
2 .26923198+00 13 -.21461296-01 24 .28734243-01
3 .75024208-01 14 .30060796-01 25 .97583456-01
4 -.63190014-01 15 .52854193-01 26 .11406376+00
5 -.58960785-01 16 -.37186533-01 27 .13826372+00
6 -.56973809-01 17 -.79431379-01 28 .12823801+00
7 -.35041797-01 18 -.37290229-01 29 .14123514+00
8 -.18516959-01 19 .24989689-01 30 .14814627+00
9 -.64888234-02 20 .19790754-01 31 .98589633-01
10 .41145700-02 21 -.21608890-01 32 .20618195-01
VARIANCE= .14191380+00

MEAN= .40113709-05

DO YOU WANT THE COVARIANCES STORED (YES/NO)?
es

COVARIANCE STORED.

DO YOU WANT COVARIANCE (COV) ,CORRELATION (COR) OR END?

cor
LENGTH OF SERIES?
362
NUMBER OF LAGS (ZERO INCLUDED) 7
33
TINPUT DATA FORMAT?
(4e15.8)
INPUT DATA:
@add gra.sskp
0 .10000000+01 11 .34387418-01 22 .15657139-ul
1 .48397417+00 12 .85019480-01 23 -.32998001-02
2 .16358888+00 13 .18485049-01 24 .19564041-02
3 .34291061-01 14 .71320571-01 25 .20206913-01
4 ~-.82355165-01 15 .29714237-01 26 .47620085-01
5 -.48359534-01 16 -.17095344-01 27 .65758524-01
6 -.44122326-01 17 .44739600-02 28 .61266199-n1
7 -.32026744-01 18 .17245420-02 29 .77879018-02
8 -.34230735-01 19 .19832755-01 30 -.39413126-01
9 -,71012059-02 20 .87463330-02 31 -.93015461-02
10 .96968840-02 21 .34905837-02 32 =-.10927683-01
VARIANCE= .11447779+01
MEAN=  .40104705-05
DO YOU WANT THE COVARIANCES STORED (YES/NO)?
es

COVARIANCE STORED.

DO YOU WANT COVARIANCE (COV) ,CORRELATION (COR) OR END?
end
: ACF TERMINATES.
= Qasf,n
~ DATA SPACING?
1.
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WINDOW TO BE USED (TUKEY/DANIELL)?
tukez
BANDWIDTH PARAMETER?
33
“NUMBER OF FREQUENCY POINTS TO BE VIEWED?
33
DO YOU WANT CONFIDENCE LIMITS (YES/NO)?
no
DO YOU WANT FREQUENCY (FREQ.) OR PERIOD (PERIOD) DISPLAYED?

eriod
AUTO-SPECTRUM:
PERIOD SPECTRUM

99.9999 .33286+00
64.0000 .34424+00
32.0000 .39179+00
21.3333 .38674+00
16.0000 .38696+00
12.8000 .39049+00
10.6667 .33785+00
9.1429 .31070+00

8.0000  .26813+00 .
7.1111  .23930+00 .
6.4000  .18930+00 .
5.8182  .10181+00 .

5.3333  .10485+00 .

4.9231 .13927+00 .

4.5714  ,91497-01 .

4.2667  .44466-01 .

4.0000 .50774-01 .

3.7647  .62834-01 .

3.5556  .55293-01 .

3.3684  .41898-01 .

3.2000 .44758-01 .

3.0476  .53232-01 .

2.9091  .46325-01 .

2.7826  .38710-01 .

2.6667  .40210-01 .

2.5600 .44652-01
2.4615 .46159-01
2.3704 .35595-01 .
2.2857 .23144-01
2.2069 .18414-01
2.1333 .19327-01
2.0645 .18276-01
2.0000 .15677-01 .
DO YOU WANT THE SPECTRUM STORED (YES/NO)?
yes
SPECTRUM STORED.
. DO YOU HAVE ANOTHER SERIES (YES/NO)?
es
IS THE SERIES THE SAME (YES/NO)?
no ’
"DATA SPACING?
1.
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WINDOW Tu BE USED (TUKEY/DANIELL)? .
tuke
BANDWIDTH PARAMETER?
33
"NUMBER OF FREQUENCY POINTS TO BE VIEWED?
33
"DO YOU WANT CONFIDENCE LIMITS (YES/NO)?
no
“DO YOU WANT FREQUENCY (FREQ.) OR PERIOD (PERIOD) DISPLAYED?
eriod
AUTO~SPECTRUM:
PERIOD SPECTRUM
99,9999 .25931+01
64.0000 .23221+01
32,0000 .21251+01
21.3333 .23342401
16.0000 .27527+01
12,8000 .29730+01
10.6667 .26473+01
9.1429 .21566+01
8.0000 .17926+01
7.1111 .17529+01
6.4000 .16743+01 .
5.8182 .13744+01
5.3333 .11421+01

4.9231 . 97125400 .
4.5714 .83534+400 .
4.2667 .66678+00 .

4.0000 .61252+00
3.7647 .67283+00
3.5556 .62783+00
3.3684 .500604+00
3.2000 .49504+00
3.0476 .61500+00
2.9091 .69453+00
2.7826 .60262+4+00
2.6667 . 39595400
2.5600 . 36967400
2.4615 .53734+00
2,3704 .56806+00

2.2857 .37592+00 .

2.2069 .20381+00 .

2.1333 .17313+00 .

2.0645 .23317+00 .

2.0000 .27656+00 .
DO YOU WANT THE SPECTRUM STORED (YES/NO)?
es

SPECTRUM STORED.
DO YOU HAVE ANOTHER SERIES (YES/NO)?
‘' no "

il N
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ASF TERMINATES.
P @xcf

XCF COMPUTES THE CROSS-COVARIANCE/~CORRELATION FUNCTION OF TWO
SERIES. IT IS ASSUMED THAT THE AUTO-COVARIANCES OF THE TWO SERIES
ARE STORED ON UNIT 1. THE CROSS-COVARIANCES ARE STORED ON UNIT 1

cor

(IF DESIRED) AFTER THE AUTO-COVARIANCES.
DO YOU WANT COVARIANCE (COV) OR CORRELATION (COR)?

TINPUT DATA FORMAT OF SERIES 1?
(4el15.8)
INPUT DATA OF SERIES 1:
@add ybh
INPUT DATA FORMAT OF SERIES 2?
(4el5.8)
TINPUT DATA OF SERIES 2:
@add gra.sskp

CROSS~COR. FOR SERIES

1

VS‘ 2.

0 -.31068495+00 11 .68149552-01 22 -.19024821-01
1l -.32688250+00 12 .19405418-01 23 .28423370-01
2 =-.23031710+00 13 .67258818-01 24 .65661986-01
3 -.15878268+00 14 .33894985-01 25 .71599943-01
4 -.97850593-02 15 .15917252-01 26 «77692746-01
5 .70688121-02 16 .44837943-01 27 .54928598-01
6 -.78098371-02 17 .68729260~01 28 «34432033-01
7 .32410393-04 18 .30546963-01 29 -.31944079-02
8 -.14137039-01 19 -.21630687-01 30 =-.27489146-01
9 .92356610-02 20 -.22341036-01 31 -.65063784-01
10 .56534438-01 21 -.36277876-01 32 -.22737283-01
CROSS-COR. FOR SERIES 2 VSs. 1.

0 -.31068495+00 11 .68149863-02 22 .22976052-01
1 .16895355+00 12 -,29895622-01 23 -.29432392-01
2 .40202706+00 13 .19673600-01 24 -.10881614+00
3 .40670389+00 14 -.28525013-01 25 -.13978173+00
4 .38908781+00 15 -.15708253-01 26 -.98344548-01
5 .27146963+00 16 .39682694-01 27 -.48471882-01
6 .16915689+00 17 .24792291-01 28 .39428172-01
7 .90782260-01 18 -.34359416-01 29 .11597794+00
8 .41205884-01 19 -.67074667-01 30 .10655324+00
9 .65060452-02 20 -.42766543-01 31 .97206097-01
10 21 .89084057-02 32

.64103368-02

.10046362+00
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DO YOU WANT THE COVARIANCES STORED (YES/NO)?
Yes '
COVARIANCES STORED.
XCF TERMINATES.
- @xsf .
XSF COMPUTES THE CROSS-SPECTRA FUNCTIONS FOR TUKEY WINDOW.
IT IS ASSUMED THAT THE AUTO-~ AND CROSS-COVARIANCES ARE STORED
ON UNIT 1 AND THAT THE AUTO-SPECTRA ARE STORED ON UNIT 2. :
THE CROSS-SPECTRA ARE STORED ON UNIT 2 AFTER THE AUTO-SPECTRA (IF DESIRED):

DO YOU WANT FREQUENCY (FREQ.) OR PERIOD (PERIOD)
DISPLAYED?

freq

FREQ. ARCTANH (COHERENCE) FOR SERIES 1 VS. 2 .

.0000 .45577+00 +

.0156 .37510+400 + 3
.0313 .14873+00 + 2
.0469 .17172400 + .
.0625 .24303+00 +

.0781 .33788+00 +

.0938 .52812+00 .

.1094 .63082+00

.1250  .67882+00 +
.1406  .71782+00 *.
.1563  .73696+00 R
.1719  .55091+00 .
.1875  .35149+00 +
.2031  .45226+00 +
.2188  .51547+00 R
.2344  .60792+00 .
.2500  .75909+00 .
.2656  .69457+00 .
.2813  .49093+00 .
.2969  .44707+00 .
.3125  .84579+00 .
.3281  .12234+01 .
.3438  .10487+01 .
.3594  .78859+00 .
.3750  .64568+00 .
.3906  .59831+00 .
.4063  .56528400 N
.4219  .54029+00 +
.4375  .41398+00 +
.4531  .11776+00 +
.4688  .13592+00 +
.1844  .36685+00 +
.5000  .45305+00 +
NU= 30. : * .




BELLCOMM, INC.

FREQ.
. 000
.0156
.0313
.0469
.0625
.0781
.0938
.1094
.1250
.1406
.1563
.1719
.1875
.2031
.2188
.2344
. 2500
. 2656
.2813
. 2969
.3125
.3281
.3438
.3594
.3750
.3906
.4063
.4219
.4375
.4531
.4688
.4844
.5000

- 29 -

PHASE FOR SERIES 1 VS. 2 .

.00000
.52353+01
.39472+02
.13202+03
.14719+03
.16059+03
.16853+03
.17007+03
.17200+403
.17227+03
.17250403
.17193+03
.16744+03
-.17176+03
-.17493+03
-.17545+03
-.17624+03
-.17626+03
-.17471+03
-.17732+03
-.179%8+03
-.17938+03
-.17893+03
-.17812+03
-.17657+03
-.17693+03
-.17884+03
-.17872+03
-.17625+03
-.17222+403
.17008+03
.17622+03
.18000+03

L3 R B AR IR AR I 2R B R 2R K N 2

=lov

CH g % % %% %% % %% % % %% 8 %2 % % % % % % % %% % % %% 2 4+

il N s g i
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DO YOU WANT THE CO-SPECTRA AND QUADRATURES
STORED FOR TIME SERIES REGRESSION (YES/NO)?
no

"XSF TERMINATES.

THE NEXT GROUP USES THE FOLLOWING PARTS OF TSAP:

FILTER MATHCON

Y Y

coms SAVE | LsR

Y

ACF p— PACF

Y

ASF

The main object- of this group of examples is to illustrate
the regression and partial auto-correlation programs. This is accom-
plished by regressing one series onto two others with LSRA and then
applying ACF and PACF to the residuals. On the basis of the output
from PACF, the residual series is modeled as a second order auto-
regression. The residuals corresponding to this model are obtained
by successive applications of FILTER and COMB and then examined using
PACF and ASF,

The final example of this group illustrates LSRP,

The forward stepwise regression program, LSRA, is
illustrated first by regressing a series x1, consisting of 123
terms, onto two series, yl and timel23, of the same length. The
series time 123 consists of the positive integers from 1 to 123
and was generated using MATH and MATHCON:

@asg,a gra.

=g @math

MATH VERSION 3. WHAT CAN I DO FOR YOU?

1.1 set a(i)=i. !
do part 1 for i=1(1)123. ?
use file gra.

ROGER.

save a as a.

DONE.

- @mathcon,i ,graxgra.timel23
READY.

@add gra*gra.a

@nop

MATHCON TERMINATES.




BELLCOMM, INC. - 31 -

- @lsra

LSRA IS A STEPWISE MULTIPLE REGRESSION PROGRAM
WITH ANALYSIS OF VARIANCE PRINTOUT.
THE RESIDUALS ARE STORED ON UNIT 8(IF DESIRED).

NUMBER OF OBSERVATIONS.

123

“NUMBER OF VARIABLES (DEPENDENT AND INDEPENDENT) ?
3

“F LEVEL

3.25

"DEPENDENT VARIABLE FORMAT?

(4el5.8)

DEPENDENT VARIABLE DATA:

@add x1

INDEPENDENT VARIABLE 1 FORMAT?
(4el5.8)

INDEPENDENT VARIABLE 1 DATA:
@add yl

INDEPENDENT VARIABLE 2 FORMAT?
(el5.8)

INDEPENDENT VARIABLE 2 DATA:
@add gra.timel23

MEANS :

1 .39642049+01 2 .62000000+02

CORRELATION COEFFICIENTS:

1VS 2= -.116816 (1)

1VS Y = .787702 2vs Y''= 515992
STANDARD ERROR OF Y = .478109+00
SSVAR=*#*A%Ax**x*a*% CSRES= 27.887794 DFREs= 122.000000
MSRES= .228588 T= .000000 MULTCOR= .000000
STEP NO. 1

VARIABLE ENTERING: 1

FLEVEL 197.819456

STANDARD ERROR OF Y .295757
CONSTANT .289935+00

VARIABLE COEFFICIENT STD. ERROR OF COEFF.
X1 .92686272+00 .65899315-01

SSVAR= 17.303675 SSRES= 10.584119 DFRES= 121.000000
MSRES= .087472 T= 14.064830 MULTCOR= .620475

(l)In the computer responses, Y is a generic symbol for the
dependent variable while the symbol X, with subscripts, represents
an independent variable. The first X-variable entered is that
independent variable having the highest correlation with the
dependent variable.
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STEP NO. 2
VARIABLE ENTERING: 2
FLEVEL 9494.080078
STANDARD ERROR OF Y .033180
CONSTANT -.558482+00

VARIABLE COEFFICIENT STD. ERROR OF COEFF.
X1 .10115818+01 .74439476-02
X 2 .82666745-02 .84840725-04
SSVAR= 10.452011 SSRES= .132108 DFRES= 120.000000
MSRES= .001101 T= 97.437571 MULTCOR= .995263
DO YOU WANT TO SEE SOME OF THE DEVIATIONS (YES/NO)?
es
WHAT PART (INITIAL,FINAL,STEP)?
1,120,12
PREDICTED VS. ACTUAL RESULTS:
OB. NO. ACTUAL PREDICTED $DEVIATION
1 .385775+01 .377441+01 2,16
13 .321840+01 .317747+01 1,27
25 .337288+01 336292401 .30
37 .342785+01 .347028+01 -1.24
49 .432563+01 .437717+01 -1.19
61 .344014+01 .348335+01 -1.26
73 .400280+01 .399166+01 .28
85 .357452+01 .357611+01 -.04
97 .464195+01 .463681+01 .11
109 .479612+01 .476218+01 .71
DO YOU WANT THE RESIDUALS STORED (YES/NO)?
yes
OUTPUT DATA FORMAT?
(4el5.8)

SERIES STORED.
LSR TERMINATES.
=P @gsave lsra, rl

We have not printed out enough of the deviations of
predicted from actual values to decide if the residuals are close
to being white. However, this can be determined by submitting the
residuals, saved under tiie name rl, to ACF and PACF:

| —pe @acf,n

DO YOU WANT COVARIANCE (COV) ,CORRELATION (COR) OR END?
cor

LENGTH OF SERIES?

123

NUMBER OF LAGS (ZERO INCLUDED)?

21 :
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INPUT DATA FORMAT?

(4el5.8)

INPUT DATA:

Qadd rl

0 .10000000+401 7 .53026889+00 14 .30409733+00

.91360913+00 8 .58674648+00 15 .27090824+G0
.86974473+400 9 .53077113+400 16 .24346690+400
.82899847+00 10 .48667117+00 17 .21895623+00
.77865961+00 11 .456642234+00 18 .18133523+00
.72503306+00 12 .41310194+00 19 .16843886+00
.66401155+00 13 .35039130+00 20 .14462271+400
VARIANCE= .10740904-02

MEAN= -,14518410-06

DO YOU WANT THE COVARIANCES STORED (YES/NO)?
Yes

COVARIANCE STORED.

AU oh W N

DO YOU WANT COVARIANCE (COV) ,CORRELATION (COR) OR END?
end
ACF TERMINATES.

=P @pact
PACF COMPUTES THE PAPTIAL AUTO-CORRELATION AND A.R. COEFFICIENTS
UP TO ORDER K TOGETHER WI:H THE RESIDUAL VARIANCES Of THE
FITTED A.R.'S UP TO ORDER K AND THE FIRST ORDER M.A. COEFFICIENTS.

MAXIMUM ORDER OF K?
15

PACF:

1 .91360912+400 6 -.99956975-01 11 .72968422-01
2 .21209436+00 7 .10971080+00 12 -.60200907-01
3 .57967539-01 8 -.56853845-02 13 =-.15911209+00
4 -.57376178-01 9 -.,99147042-01 14 -.18779177-01
5 -.71001749-0.. 10 -.14166919-01

DO YOU WANT RESIDUAL VARIANCES (YES/NO)?

yes

A ot b

e T T T P TSR
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RESIDUAL VARIANCES:

.18052634-03 6 .17648832-03 11 .18078887-03
.17389055-03 7 .17607510-03 12 .18216872-03
.17483730-03 8 .17764500-03 13 .17962297-03
.17584129-03 9  .17792252-03 14 .18171295-03
.17658256-03 10 .17978376-03

ORDER WF A.R. PROCESS TO BE VIEWED (0=NONE OR NO MORE)?

2

Uk W N

.71983778+00 .21209436+00
ORDER OF A.R. PROCESS TO BE VIEWED (0C=NONE OR NO MORE)?
0
DO YOU WANT THE FIRST ORDER M.A. COEFFICIENTS (YES/NO)?
no
“PACF TERMINATES.

(1)

Because the acf attenuates, the pacf appears to truncate
at the 2nd lag and the 2nd residual variance is minimum for a
2nd order a.r. model, it is reasonable to examine the hypothesis
that the residuals rl satisfy the following 2ud order a.r. model:

e(t) = rl(t) - .7198rl1(t-1) - .2121rl(t-2)

for t=3,4,...,123.

The construction of e(t) allows us to illustrate the
use of the "length of series to be used", "lag", and
"scale" transformations in FILTER together with the series
subtraction operator in COMB. (Of course, once it is noticed
that the residuals, rl, are auto-correlated the regression of
x1 onto yl and timel23 must be re-examined along the lines
suggested in Durbin [5 ] or Hannan [10].)

@filter,n

LENGTH OF SERIES TO BE READ IN?
123
TINPUT DATA FORMAT?

(4215, 8)

INPUT DATA:

@add rl

LENGTH OF SERIES TO BE USED?
123

(l)Under the hypothesis that the process is a p!-'-r—1 order auto-
regressiontne kth value of the pacf has a normal distribution with
mean zero and standard deviation equal to 1//N , where the N is the
length of the series. 1In this particular example, the two standard
deviation band for significance is ¥.18.
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MEAN= -.14518410-06
LENGTH= 123

FILTER?

lag

NUMBER OF LAGS?

2
TMEAN= -.12660986~-02
LENGTH= 121

FILTER?

end

DO YOU WANT TO SEE PART OF THE SERIES (YES/NO)?

no

“DO YOU WANT THE FINAL SERIES STORED (YES/NO)?

Yes

OUTPUT DATA FORMAT?
(4el5.8)

SERIES STORED.
FILTER TERMINATES.
@save filter, rll

@filter,n

- 35 =

LENGTH OF SERIES TO BE READ IN?

123

TINPUT DATA FORMAT?
(4el5.8)

TINPUT DATA:

Qadd rl

LENGTH OF SERIES TO BE USED?

122
MEAN= -.42588965-03
LENGTH= 122

FILTER?
lag
NUMBER OF LAGS?
1
TMEAN= -.11181355-02
LENGTH= 121

FILTER?
scale

SCALE OPERATOR (ADD/MPY)?

E%%ALE FACTOR?

.7198

. MEAN= -.80483410-03
LENGTH= 121
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FILTER?
end
DO YOU WANT TO SEE PART OF THE SERIES (YES/NO)?
no
DO YOU WANT THE FINAL SERIES STORED (YES/NOQ) ?
es
OUTPUT DATA FORMAT?
(4¢15.8)
SERIES STORED.
FILTER TERMINATES.
@save filter, rl2

}

!

@filter,n

LENGTH OF SERIES TO BE READ IN?
123

INPUT DATA FORMAT?

(4e15.8)

INPUT DATA:

@add ri1

LENGTH OF SERIES TO BE USED?
121

MEAN= -.16543380-03
LENGTH= 121

FILTER?
scale
SCALE OPERATOR (ADD/MPY)?

mpy
SCALE FACTOR?

.2121

MEAN= -.16543380-03

LENGTH= 121

FILTER?
end

DO YOU WANT TO SEE PART OF THE SERIES (YES/:0)?
no
DO YOU WANT THE FINAL SERIES STORED (YES/NO) ?
yes

OUTPUT DATA FORMAT?

(4el5.8)

SERIES STORED.
: FILTER TERMINATES.
=P @save filter, rl3

The COMB program is now employed to subtract the series
'rl2 and rl3 from rll to form ¢l.
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=y @comb,n
LENGTH OF SERIES 1 TO BE READ IN?
121
TINPUT DATA 1 FORMAT?
(4el15.8)
INPUT DATA 1
@add rll
LENGTH OF SERIES 2 TO BE READ IN?
121
TINPUT DATA 2 FORMAT?
(4el15.8)
INPUT DATA 2
@add rl2
TLENGTH OF OUTPUT SERIES?
121
“OPERATOR TO BE USED?
sub
DO YOU WANT TO SEE PART OF THE SERIES (YES/NO)?
no
"DO YOU WANT THE RESULTANT SERIES STORED (YES/NO)?
yes
OUTPUT DATA FORMAT?
(4el15.8)
SERIES STORED.
COMB TERMINATES.
—p @save comb, kl
—p- dCOnb,n
LENGTH OF SERIES 1 TO BE READ IN?
121
TINPUT DATA 1 FORMAT?
(4el5.8)
INPUT DATA 1 :
@add k1l
LENGTH OF SERIES 2 TO BE READ IN?
121
TINPUT DATA 2 FORMAT?
(4e15.8)
INPUT DATA 2
@add rl3
LENGTH OF OUTPUT SERIES?
121
TOPERATOR TO BE USED?
sub
“DO YOU WANT TO SEE PART OF THE SERIES (YES/NO)?
no
“DO YOU WANT THE RESULTANT SERIES STORED (YES/NO)?
es
OUTPUT DATA FORMAT?
(4e15.8)
SERIES STORED.
COMB TERMINATES.
—P @save comb, el
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i @pacf,n

MAXIMUM ORDER OF K?
10

PACPF:

1 -.85908396-01 4 .12719820+00 7 .14001438+00
2 -.,24426123-01 5 .31113816-01 8 .59418262-01
3 .12837213+400 6 -.12368082+00 9 .17003972-01

DO YOU WANT RESIDUAL VARIANCES (YES/NO)?

no

“ORDER OF A.R. PROCESS TO BE VIEWED (0=NONE OR NO MORE)?

0

“DO YOU WANT THE FIRST ORDER M.A. COEFFICIENTS (YES/NO)?

yes
FIRST ORDER M.A. COEFFICIENTS:

1l -.92659724-01 4 .12715820400 7 =.14001438+00
2 -.92405158-01 5 «31113816-01 8 «59418262-01
3 -.77088748-01 6 -.12368082+00 9 .17003972-01

. wempe Qasf,n
DAT* SPACING?

1.
“WINDOW TO BE USED (TUKEY/DANIELL)?
tuke
BANDWIDTH PARAMETER?
10
“NUMBER OF FREQUENCY POINTS TO BE VIEWED?
24
“DO YOU WANT CONFIDENCE LIMITS (YES/NO)?
xes
DO YOU WANT FREQUENCY (FREQ.) OR PERIOD (PERIOD) DISPLAYED?

freq.
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AUTO-SPECTRUM:

FREQ.
.0000
.0217
.0435
.0652
.0870
.1087
.1304
.1522
.1739
.1957
.2174
.2391
.2609
.2826
.3043
. 3261
.3478
.3696
.3913
.4130
.4348
.4565
.4783
.5000

SPECTRUM

.10650-03
.10318-03
.94606-04
.83922-04
.74053-04
.66422-04
.61409-04
.58782-04
.63310-04
.73549-04
.89675-04
.10746-03
.12082-03
.12535-03
.12115-03
.11286-03
.10652-03
.10551-03
.10848-03
.11091-03
.10888-03
.10228-03
.94936-04
.91759-04

»
®

THE 90% CONFIDENCE LIMITS FOR NU=36 are:

THE SQRT OF VARIANCE RATIO IS:

24.896 %

DO YOU WANT THE SPECTRUM STORED (YES/NO)?

no

“DO YOU HAVE ANOTHER SERIES (YES/NO)?

no

“ASF TERMINATES.

cu=

1.54095

: CL=

LSR program, LSRP:

w—mpp- @lSrp

.70309

The final example involves an application of the second

LSRP IS A STEPWISE MULTIPLE REGRESSION PROGRAM WITH PREDICTIONS.
THE PREDICTION RESULTS ARE STORED (IF DESIRED) OM UNIT 8.

NUMBER OF OBSERVATIONS?

~

TNUMBER OF VARIABLES (DEPENDENT AND INDEPENDENT)?

2

“F LEVEL?

3.25

DEPENDENT VARIABLE FORMAT?

(€20.10)

DEPENDENT VARIABLE DATA:

€add g35log
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INDEPENDENT VARIABLE 1 FORMAT?
(€20.10)

INDEPENDENT VARIABLE 1 DATA:
@add gra.time

T-VALUE FOR NU= 5 DEGREES OF FREEDOM?

2.015

"STANDARD ERROR OF Y .0108512

VARIABLE COEFFICIENT S.D. UPPER T LOWER T
(0=CONST.)

0 .76394+01 .91710-02 .76579+01 .76209+01

1l .34170-01 .20507-02 .38302-01 .30038-01
PREDICTION DATA:

NUMBER OF PREDICTION VALUES?

17
TINDEPENDENT VARIABLE 1 FORMAT?

(e20.10)

TNDEPENDENT VARIABLE 1 DATA:

@add gra.timel?

PREDICTED VALLUES:

NUMBER PREDICTION UPPER T LOWER T
.7673548+01 .7700006+01 .7647089+061
.7707718+01 .7732510+01 .7682925+01
.7741888+01 .7765625+01 .7718150+01
.7776058+01 .7799432+01 .7752683+01
.7810228+01 .7833965+01 .7786490+01
.7844398+01 .7869190+01 .7819605+01
.7878568+01 .7905026+01 .7852109+01
.7912738+01 .7941366+01 .7884109+01
.7946908+01 .7978105+01 .7915711+01

10 .7981078+01 .8015152+01 .7947003+01
11 .8015248+01 .8052437+01 .7978059+01
12 .8049418+01 .8089904+01 .8008931+01
13 .8083588+01 .8127513+401 .8039663+01
14 .8117758+01 .8165232+01 .8070283+01
15 .8151928+01 .8203039+01 .8100816+01
16 .8186098+01 .8240917+01 .8131279+01
17 .8221268+01 .8278851+401 .8161685+01

DO YOU WANT THE PREDICTION VALUES AND LIMITS SAVED(YES/NO)?
yes

OUTPUT FORMAT?

(e20.10)

WO~ Wik

SERIES STORED IN FOLLOWING ORDER:
PREDICTION SERIES,LOWER LIMIT SERIES,UPPER LIMIT SERIES.
LSRP TERMINATES.

| =—p @save lsrp, pul

T
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4.0 PROGRAM TECHNIQUES AND FLOW CHARTS

The programs are designed to operate in an interactive
mode for user ease and convenience. The system, TSAP, is a set
of individual main programs to allow interaction with system
processors, e.g., FURPUR or MATH, without the need to exit .TSAP.
This also allows the user to devise similar programs to be used in
conjunction with TSAP, e.g., tape I/O or unpacking data. Data
output at the terminal is kept minimal since terminal I/0 is so
much slower than printer I/0.

Intermediate results of interdependent programs are
stored in binary on dynamically assigned FASTRAND files 1, 2 and
8 to save redundant calculations and/or I/0. Two such "linked"
programs are ACF and PACF (PACF needs the covariances generated
by ACF). This also prevents errors in answering the same questions
in both programs.

At Bellcomm, terminal core is restricted so a maximum ;
series length of 1000 is built into all programs. This length :
is more of a "practical computation" size than an upper core :
limit and may be changed fairly easily. LSR is presently
restricted to 5 series of length 500, again changeable.

An N option is available on most of the programs to
skip the introductory commentary for the experienced user.

In ASF, the confidence limits use 90% chi square tables
for y £ 60 degrees of freedom. Exceeding this limit may cause
problems which can best be avoided by not asking for confidence
limits for such series. The on~line plots of ASF (and XSF) con-
sist of a 50 x NQ (NQ = number of frequency points to be viewed)
grid which may cause distortion problems. It also makes com-
parisons between different series more difficult. XSF plots only

the coherence (tanh-l) and phase to retain terminal efficiency
while giving the most pertinent data output. These problems will
be removed if a CRT display is incorporated into the system.

Flow charts of the main programs follow.
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SUMMARY

The original TSAP system was developed to aid in the
study of electron flux data from the earth's outer trapped
radiation belts. Since then it has been applied to a variety
of time series problems and each of these problems has influenced
its present form. As noted in the introduction, the present
content of TSAP will be increased in accordance with the needs
of future applications.

The principal feature of TSAP is the fact that it is a
terminal system. Time series analysis is ideally suited to such
a mode of operation because it requires relatively long sequences
of statistical computations which ordinarily depend directly either
on the previous computations or on statistical judgements derived
from these computations.

Simply stated, TSAP allows real time statistical judgements
to be made in time series analysis on direction of the analysis.
The versatility of TSAP is enhanced by its capability of interacting
with machine processors and user designed terminal programs.

G . Cndbran.

G. R. Andersen

V78

_GRA_. .
1031 RRS jf R. R. Singers
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APPENDIX I.

The stochastic properties of stationary stochastic
processes are well known and are concisely presented in
U. Grenander and M. Rosenblatt [8]. A recent practical approach
to the subject may be found in the bock by G. Jenkins and
D. Watts [12]. The definitive text in the area of multiple time

series analysis is the work by E. J. Hannan(l).

A.1 Spectral Analysis (ACF, ASF, XCF, XSF):

Let {xj(t)}, j=1,2, and t=1,2,...,N, be finite realizations

of two jointly stationary stochastic processes. These time series
may be realizations of discrete processes or discrete series formed
by sampling a realization, ej(t), of a continuous time stochastic

process at equidistant time points, t-A, (A>0), and defining
xj (t) = gj (t.A)' t=l'o"’N'

In either case, let the centered series be denoted by

?éj (£) = X;(8) - X, (1)
where
N
X = i 1=
X, = 5 tzl X, (8),  (3=1,2) (2)

and form the lagg=d (-cample) cross covariance, Cj

K’ by setting

-V

1 .
Z %, @3, @) | (3)

N
Cijx™ = §
a=1

- (1'Hannan's book will be published by J. Wiley and Sons late
in 1970.
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for v=0,1,...,N~-1 and extend this definition to -1,...,-N+l1
by setting

Cjk(-v) = ij(v) . (4)

In an attempt to be consistent with most mathematical
treatments of stationary stochastic processes, we will introduce
the basic computational definitions concerning spectra for a
unit sampling interval and consider frequency to have the dimensions
of radians per unit of time. It is then a simple matter to trans-
form the spectral estimators to the more practical form used in
the programs where the data spacing is an arbitrary positive
constant, A, and frequency is in terms of cycles per unit time.

A

The sample auto-spectrum, gjj' of the jER time series

is defined in terms of the sample auto-covariance function, C..,

and a lag window, w, by setting 33
.. () = g..(x;
933( ) 933( jw)
N-1
_ 1 v
= 3 (€550 + 2 }[; W@ Cyg (vIcos () (5)
V=

where |[A| £ n. The positive integer M, the bandwidth parameter,
determines the bandwidth of the spectral window with Fourier

coefficients w(y) = w(x), v=0,1,...,N-1.
Two types of spectral windows are available in TSAP:

the Tukey window and the Daniell window. The lag windows corres-
ponding to these spectral windows are as follows:
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(1) Tukey:
1
5 (l+cos (ny)), lylsl
wly) = wT(y) =
o , Jy|>1
(ii) Daniell:
sinn
_Tix + Y#0
wly) = wD(y) =
1 , y=0.

The use of the Tukey window in (5) requires that only
M lagged covariances (including the variance) be calculated;
whereas, using the Daniell window requires all lagged covariances
that can be calculated from a series of length N, namely N
(including zero). For this reason the Daniell window should only
be used on relatively short series (say, N = 500).

If we denote the spectral window corresponding to
w(ﬁ) by WM’ then

N-1
We(s) = = Y w@elvs, (6)
-N+1

EIELE

Although the reader should consult any one of the
above mentioned references for details on spectrzl analysis
(cf. the bibliography for additional works), we will indi-
cate the relationship between the spectral wiadow and &jj

IT we set w identically equal to 1 in (5) we oktain
the {continuvus) periodogram gJ (A;1). Integrating the product

W (x-s)gjj(s :1) with respvect to s over the interval (-»,w) we

obtain
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k)
gjj(A;w) =[ WM(A-s)gjj(S;l)ds , (7)

kg

|A] £ =. This exhibits the sample auto-spectrum as a weighted
average of the periodogram. With the Daniell window this
averaging is approximately uniform over the interval (i-h,A+h)
where h = 7/M. The relationship between the sample auto-
spectrum formed with the Tukey window and the pericdogram is

more easily seen directly from (5) where a simple cosine identity
leads to

r~

1~ 1- 1~ _
s O sun) =€ 13.. (05 1) 435, (Ay:1) for k = 0 (8)
33 Mien) =) 2935 01495 O
L (n i)+, (0 51) , for k = Q
"273] 4733 Q-1

where xk = rk/Q, k=0,1,...,Q.

Since éjj(~;l) is proportional to the modulus squared

of the discrete Fourier transform of the time series, (8) is often
used for computation when a fast Fourier transform (FFT) is avail-
able. The first extension of TSAP will include a FFT routine for
use in model estimation. At that time either (8) will be used or,
following Gentleman and Sande [ 6], (5) will be used with the lagged
covarianres calculated using the FFT and the convolution theorem.

If the time series {Xj(t)}, t=1,2,...,N, is related to
a finite realization of £.(1), 0 < 1 = T, of a stationary process
by xj(t) = gj(At), 4>0, NA £ T, then the right-hand side of (5),

multiplied by 4 and taking A in (-n/4A, wn/A), defines an estimate
(call it gg(x)) of

4
_ 2rxr
gj(k)— Z ¢j(l+ A)I|A|<"/AI

Yr==—wx

where ¢j is the spectrum of £j.
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Hence, 95 will be approximately equal to ¢, only if
A is chosen in such a way that ¢.(s) X 0 for |s| > %, the so-

called Nyquist frequency (cf., R. B. Blackmanand J. W. Tukey [3]).
Then

na

gj(x) v Al 2 n/a

e

¢, (1)

0 ’ IAI > /b

and gg(x), |A] £ n/a is an estimate of the spectrum of Ej'

We now state the computational forms used in TSAP,
allowing for data spacing, 4, and requiring that frequency be in

dimensions of cycles per unit time(l):

M-1
p _ v mkv
fjj(xk) = A(ij(0)+2 E: wT(ﬁ)ij(v)cos( Ml)) ' (10)
=1
x (2) .
where Ak = 7EIK ’ kuO,l,...,Ml. Ml is selected by the user and

is generally between M and 2M. The proper bandwidth parameter, M,
depends on the unknown spectrum and is usually found (if possible)
by the technique of "window closing" (cf., (12)). Taking M to be

5, 10 and 20% of the record length N is a reasonable rule of thumb.

A compromise must usually be made between resolution and
accuracy. As a guide to the accuracy of the estimate, Lhe square

root of the variance ratio,var(fjj(A)/fij(x)), is printed out at
the end of ASF. This quantity is (3/4) (M/N) for the Tukey window

and M/N for the Daniell window. The user also has the option

of having 90% confidence limits plotted with the sample auto-
spectrum. These are the usuzl limits based on the approximation
which states that v - fjj(x)/fjj(x), where fjj denotes the true (but

unknown) auto-spectrum, is a chi-square random variable with v
degrees of freedom, with v = (8/3) (N/M) in the case of the Tukey
window and v = 2 N/M for the Daniell window. (Cf., Grenander and
Rosenblatt [ 8].)

(l)For simp.icity we will state them for the Tukey windzcw only
since this is all that is available in the cross-spsctral segment
of TSAP.

(Z)The user may cnocse to plot fjj against period.xil,

k=l,2,...,Ml.
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The sample co-spectrum and quadrature spectrum of
{xj(t)} and {Xk(t)} are computed by

M-1

. _ ~ Y cos (1LY
Py (Ag) = 1€y, (0) + jg; (€43 ) + Gy ON)ug Geos Bhy ()
and

M-1
: _ _ V) oin (LAY ,
G50 = Y (C33 ) = Cyg (DD G sin (1) (12)

v=1

. I _
respectively, where Al = 7EIK , 2—0.1,...,Ml.
These functions are used to compute the sample

coherence [ 2]

~2 ~2
Eik(kg) + qjk(kz) . -
. ” ' fjj(xz) c fy (A) >0

VR0 = (13)

0 , otherwise

and the sample phase
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o1 95 (2,) "
tan 1 (:JﬁL—i;) , pjk(xl) > 0

(Az)
$ k(Az) =
- (A ) s
tan -, p:(r,) <0
pk(x) Jk
_ 2 _ . .
Az = EEIK R 2—0,1,...,M1. For definiteness the phase is set

equal to % if ﬁjk(xz) = 0.

A.2 Auto-Regression Coefficients, Residual Variance, and Partial
Auto-Correlation Function (PACF)

All estimates in this section(l) are based on the sample
auto-correlation function r(v) = C(v)/C(0), where

N-v
C(v) B z X, X
t Tt+v°
t=1
We use the results of Durbin [5]:

Letting a{l) = r(l), Vl = 1, choose a positive integer

k £ N-1, and define a{k), aék),..., aék) by setting

(l)We assume that the time series under discussion is
{x(t): ¢t=1,...,N}, with X=0.
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(s-1) (s 1) (s 1)

al®) = (x(s) - a* Vr(s-1) r(s-2) - ... - alsTHray)v__
where

Vo, =1 a{s-l)r(l) - .. - aéfil)r(s-l) (2)
for s=2,...,k and

als) o p(s=1) _ (s), (s-1) , r=1,...,8-1 . (3)

r r S sS-r

(s)

Then ag s=2,...,k, are the partial correlation coefficients

measuring the correlation between members of the time series -
2,...,k time units apart with the linear effect of intervening
observations removed. The terms a{s),...,a;s) are the least
squares estimators of the autoregression coefficients in the

SEE order a. r. model.

y(t) = ajy(t-1) + ... + a y(t=s) + e(t) . (4)
The quantity

2
o‘e(S) = mC(O) V (5)

is an estimator of the residual variance of the model in (4),
i.e., the variance of e (t). V satisfies

= _(a(8),2
Vg = Vo, (1-(a;") ")

(1)-

R A R R R A
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APPENDIX I1I

This appendix contairs an explanation of the
transformations available in FILTER. Let {X(t): t=1,...,N} be
a given time series, then a request for "center" transforms
X(t) into X(t) - X, where X is the sample mean (cf. Appendix I);
symbolically

Center: X(t) -+ X(t) - X .
Similarly,
Exp: x(t) » eX(¥),;
Log: X(t) » logex(t) , 1f X(t) > 0, for all t;

Loglpo - X(t) - loglox(t), if X(t) > 0, for all t;

Diff: X(t) » X(t) - X{t-1);

10%**; X(t) »

Sqrt: X(t) » /X(t) , if X(t) 2 0, for all t;
Abs: X(t) » |[x(t)];

Scale: X(t) » aX(t), where the real number a is supplied
by the user.

The transformation "LAG", accompanied by a user response
k, 1 £ k s N-1, deletes the first k term “rom the series, i.e, it maps

(x(1), x(2), ..., X(k), X(k+1), ..., X(N))

into
(X(k+1), ..., X(Nj)

when the high pass Tukey filter (A. S. Alvia and
G. M. Jenkins, [11) is requested, the following linear transformation
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m
(m) _ g (e
(P30 (6) = ) X)), (1)
j=-m

is applied to the series {X(t): 1t=1,...,N}, where

_ _ (1) -1 - 1
t=m+1,...,N-m and A=l - ===,

= = ~1 im_ ‘=
Aj - A—j - mrl—y (1 + cos (m+l))' (]—l,2,...,m).

The corresponding frequency response function
m
Am(x) = z Aj ch(Aj) constitutes the Tukey high pass filter;
-m
its effect on the auto-spectrum, f, of the process generating
the time series {X(t)} is well-known and given by

£, (0) = lAm(A)lzf(A). The gain IAm|2 is shown in Figure A.II.1l
for m=7.
1
IAQV) 12
(m=7)'
0 i )
12 1.57 4
A

FIGURE A.IL1

(l)The length, 2m+l, of the moving average (1) is specified
by the user. v

AR UL Wb il
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The low frequency portion of the series X (t)
corresponding to the lcw pass filter with frequency response

1- Am(x) is just X(t) - (Fém)x)(t), t=n+l,...,N-m.

The Goodman band pass filter, as presented by
N. R. Goodman [ 7] and extended in the Biomedical Computer
Program [ 4], is a trapezoidal band pass filter constructed
from a series of overlapping triangles of unit height wi:h

base length 2/ma ‘Y, using 2m+l pieces of data. The high

pass filter that we refer to as a Goodman high pass filter is
a simple modification of Goodman's results constructed for use
in TSAP.

The linear transformation of {X(t)} which produces a
bandpass filter with center frequency aq using n triangles (2)

and 2m+l pieces of data is given by

m
(m) - .
(Fyyq ) (8) = Z B,X(t-3)
j=-m

t=m+1l,...,N-m, where BO = 2n/m,

. nj'yr,

2 - sin( - )

.= .= —=[.54 + .46 J_ 9 ——
BJ B_J - cos(nl)]COS(Jao) sin(%r)

(j=1,2,...,m-1) and

.n+l
B = (-1, 2 (.08)cos (maj)

(l)When frequency is in dimensions of cycles per unit
time and data spacing is 4>0.

(Z)See Figures A.II.2 and 3 for examples with n=2 and
n=3.
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. 1 n+l
< —_— - —
provided that (n+l)/2ma fa, < 5 (1 )

(Frequency, Hz)

1/2A
LA v R i hd —
ap —3/2Am ap ag +3/2Am
o — 1/mA ap + 1/mA
FIGURE A.lIl.2
A
| e x
/
\ I\ /
\ // |\ 7/
N X
AN N
/
LN 24
oy — 2/mA o ap + 2/mA

o — 1/mA ap + 1/mA

FIGURE A.IL.3

>(F requency, Hz)
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The length of the base of the trapezoid is then (n+l)/maA.

The modification of the band pass to high pass filter
mentioned earlier is accomplished by observing that the Goodman
filters are symmetric with respect to the origin and add if the
base of the trapezoid defining the band pass filter on (0, 1/24)
overlaps 1/2A (or the origin).

———l————

V7 \ !
1/ \
V¢ |
/1 N
71/2A(l+1/m), 1 1 \A1/2A(]+l/m)
—-1/24 —a a 1/2a

FIGUREA.IL4

The program requests the number of triangles, n, and
2m+l and tells the user the cut-off point:

= 1 - -
o = 3 [m 2n 1] .
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APPENDIX III

This appendix contains listings of all main programs

1
presently implemented in TSAP except for SAVE(l) and MATHCON( )
both to be in BAPL (BELLCOMM APPLICATIONS PROGRAM LIBRARY) on
SYS*BLIB along with the TSAP INDEX.

RGJINDEX o _ o
t00 DATE OF PRESENT ENTRY = 12/1/70 -
V90 ___DATE OF LAST ENTRY =  11/30/70 —_ e
UL
.00 _ - PRESENT CONTENTS: e
uoo
000 U) SAVE = PROGRAM TO _CONVERT A FORTRAN GENERATED DATA
voo FILE TO SDF(SYSTEM DATA FORMAT) ELEMENT FILE.
_WU0 1) FILTEx* = PROGRAM TO FILTER OR TRANSFORM A DATA SERIES.
00 2) ACF = AUTO=~COVARTANCE/CORRELATION PROGRAM.,
Voo 3) PACF = PARTIAL AUTO-CORRELATION PROGRAM,
uoo 4) ASFx = AUTO=SPECTRUM PROGRAM.
ouo . 9) LSRA = _LEAST SQUARES MULTIPLE REGRESSION PROGRAM
v WITH AN ANALYSIS OF VARIANCE PRINT OUT,
bog . . .. .. 6) XCF. . = CROSS=COVARIAMNCE/CORRELATION PROGRAM. __ . _ .
0uo 7) XSF« = CROSS=SPECTRUM PROGRAM.
oy 8) COMB = PROGRAM TO COMHINE TWO TIME SERIES..
uLo Y) MATHCON®* -~ PROGRAM TO CONVERT MATH DATA SERIES TO
oo FORTRAN DATA SERIES.. . ___._
000 10) LSRPI = LEAST SQUARES MULTIPLE REGRESSION PROGRAM
0e e - - ulIH PREDICTION LIMITS,. — e e
0UQ * = REVISED ENTRY
_0vo B - NEW EnTRY S

(l)Both programs were written by C. Mee.
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ReFILTER U0 J
UuL COMPILED gY 1201 3CS7C un 01 DEC 70 AT 12:28:17.

N PROGRAM

KAGL. USED: CODE(1) 001565: DATA(0) 0024103 BLANK COMMONTZ2) TG00U0

3 OPTION
4 CSF
5 EXIT e —m — e e
© NINTRS
7 NRRUS. . - —
0 NIO1%
1 N10&% . e e U — - e S
2 NWDU$
13 ALOG s T - - - -
14 NEXP2%
15  ALQGlO. .. ... ..
le6 SuRT
17 EXP . e m e R —_
20 Cus
21 NEXP19 e S
22 SIN
25 wstoPs L

(BLOCKe TYPEs RELATIVE LOCATIONr NAME)

JAGE ASSIGNMENT

U1 000030 1L o001 DONZuST 10U 0000 002012 10O0F V000~ 002065 1
JO 002076 103F 0000 002103 104F 0000 002114 10SF 0000 002125 2
JO° 7T T 002141108F T TTTH000 T 002235 109F 0002300 T
JOuu2312 112F 0000 002321 113F 0000 C02177 114F 0000 002150 1
VO QU220 117F 0000 002211 118F 0000 002222 119F 0001 000264 1
U0 0u225> 121F 0000 _ 002324 122F 0000 002246 123F =~ 0000 _ 002155 1
JU 002106 140F 0001 000071 1426 0001 000111 1536 ~0001 000325 1_
J1  UU034b 18L_ 0001 _ 000132 2L 0001 000365 20L 0000 __ 002074 2
J1 000204 2116 0001 000424 22L 0001 000221 2216 0001 000235 2
J1 000257 2426 0001 000614 25L 0001 000274 2526 ° 0001 000315 2
) 000335 2726 0001 000746 28L 0001 001022 29L 0001 001270 3
J1_ 000420 3216 0001 001440 33L 0001 000500 3466 0061 000545 3
01  0Ulu6b 4556 0LVl  D01117 4636 0001 001355 50L 0001 001531 5
Ji 001336 5236 0001 001554 53L 0001 001430 554G 0001 _ 001500 S
U1 001517 6066 0001 000225 8L 0000 R 001777 A 0000 R 002001 A
JU R 602005 CP 0000 R 002003 DEL 0000 R 001750 FMI _ 0000 R 001756 F
JU 1 001775 IFL 0000 I 002000 II 0000 I 002006 1SO 0000 I 001766 I
JU I o177y K. 0000 I 001767 L 0000 I 001776 M 0000 1 001770 N
)5 L 0000V0 OPTION 0000 R 002007 SF 0000 R 001772 SM 0000 R 002004 W
i C S - ———
2+ C TITLE FILTER = A PROGRAM TO FILTER OR TRANSFORM A
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3 C DATA SERIES.
Hx C R L R e
5% ¢ AUTHOR ReR«SINGERS
6x C e e —— e e e e
/* ¢ SPONSOR G+Re ANDERSEN
8+ C _ e - .
9%  C DATE AUGUST 1970
s C oL - S
11x  C KEY WORDS FILTER
lex ¢ . TRANSFORMATION
135% C
14x € PURPOSE TO APPLY ONE OR MORE OF A LIST OF FILTERS OR _ R
1% ¢ TRANSFORMS TO A DATA SERIES.
lo« ¢ . e
17x ¢ METHOD THE PRUGRAM IS DESIGNED IN AN INTERACTIVE MODE
18 ¢ _ASKING FOR_CERTAIN PARAMETERS AND APPLYING THEM TO _ =~
19« THE INPUT DATA SERIES. THE PROCESS 1S SEQUENTIAL
e0x ¢ ALLOWING MORE THAN OHE FILTER OR TRANSFORMATION _.
21 C TO BWE APPLIED TO THE SAME SERIES.
22« ¢ e 3
25« C NUTE 1) A DYNAMICALLY ASSIGNED FILE (UNIT 8) IS
24x  C . - USED TO_STORE THE FINAL SERIES.
ehe C
26x - . PARAMETER MX=1000 _ e — - — R
27% DIMENSION X(MX)+FMI(6)+FMO(6)
28% . ... DIMENSION ASGB(2)/'RASG»T 8eF*/ — e
S 294 LOGICAL OPTION
Sux .. . _BREAD(S0201END=23) FMI
31x* IF(OPTION('N'))GO TO 1
S2¥ CASMX [ I e
35% WRITE(60100)
Sua 100 FORMAT(/¢ **FILTER'' CONTAINS THE FOLLOWING FILTERS:'/* C
KLY ENTERIEXP s LOGIDIFFr10*%+L0G10+SQRTILAG»ABS» TUKEY (HIGH AND LOW PASS
Q6% o) 1 GOOUMAN, */* SCALE.'/' To TERMINATE THE FILTER SEQUENCE+REPLY WIT
37 % WH YYENDYY V7' THE FINAL SERIES IS STORED ON UNIT B(IF DESIRED).')
S6* 1. _ _ . _WRITE(Gs10L — e — ——
39% 101 FORMAT(? LENGTH OF SERIES TO BE READ IN?')
Yo% ... .. READ(59200+END=53)N }
41x 200 FORMAT( )
42 IFE(N.GT,MX)GO _TO 51
43« 201 FORMAT (6A6)
S4* o __WRITE(6:103) e
45% 103 FORMAT(* INPUT DATA FORMAT?')
4% - READ(Se 201 END=53)FMI .
47 WRITE(6/,104)
4% 104 FORMAT (' INPUT DATAZ')
4ox READ(S5/FMIEND=53) (X(I) e I=1sN)
S0 WRITE(6,140) o e
51% 140 FORMAT(* LENGTH OF SERIES TO BE USED?!)
D2 . _READ(5¢2000END=S3)IN
53% 2 SM=0,
byx DO 3 I=1.N
9hH% 3 SM=SM+X(I)
%6* . SM=SM/N __
7% WRITE(6,105)SMeN
S8%_ 105  __ FORMAT(! N='2F15.8/"" LENGTH=',15///" FILTER??*) )

T oY 4 READ(5¢201END=%3) IFL
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—B0%
_bls
(¥4 ]

_.63%_
b4s
65
©6»
bils
(1.1
6Ys
fus
/1=
2%
3%
4
5%
Tos
1%
lTox
1)
BU«
Blx
Bes
do»
4%
uoe
boux*
bl
Yox
ue
PIVE S
Ylx
Yen
Y3
Yy
YHs
Yo*
Y/
Y96+
99
1uUu+
LJls*
1U2le
1U3s
U4
1Ud»
lVUo»
1U7»
1Ubs
1U9s
11U»
111»
112%
113=
11l4s
115+
116

5

o

<

10

12

15

15
le
17
15
19
20

100

21

LG/

104

23

X(I)=X(])=5H

IFUIFL.EQ.YEND  "NIGUTO 30—~
IF(IFL.NE.'CENTER')GO TO 6
D0 5 1=1.::!

GO TO 2

IF(IFL.NE.'ABS ')GO TO 8
DO 7 I=1sN
X(I)=ABS(X(I))
GO TO 2
_IFUIFL.NE. 'LOG ')GO TO 10

DO 9 I=1.N

A(I)=ALOG(X(I))

GO 10 2

IF(IFL.NE.'DIFF *)GO TO 12

I=N=1

PO 11 I=irN = _ -
X(I)=X(I41)=X(I) :

GO 1o 2

IF(IFL«NE«"10s%  *)GO TO 14

LY 15 I=1eN

X(1)=10%=X(1)

6L Ty 2 ‘ —
IF(LFLWNE'LOG10 *)GO TO 16

0O 15 I=1«N

X(I)=ALOGL10(X(TI))

GI Ty 2

IFULIFLe IE«"HSGRT *)GO TO 18

w17 I=11

XCI)=SCRTI(X(I))

o0 Ty 2

IFUIFLe IE«"EXP *)GO TO 20

L) 1y I=1Y

X(L)=EXP(X(1))

GN Iuv & )

IF(IrLoNE« 'LAG ')60 TO 22

WRITE (6,1N6)

FORLAT(Y NUMEER OF LAGS?')
REAU(592200,cilD=53)J

N=M=y

DO <1 I=10

x{i)=xX(I+J)

GO Tu 2

IFCIFLWIE."TUKEY *)G0 TO 25

wWRITE(6,107)

FORMAT(? LEGTH OF MOVING AVERAGE (ODD NUMBER)?')

REAU(S50200,EHD=53)J

K=lu=1)/2

wRITE(60108)

FORMAT(* HIGH PASS(HIGH) OR LOW PASS(LOW)?2*)
READ (D201 END=D3ZIM

DO ¢4 1=1eM

IF(I.LE.K«ORe1s6GTN=K)GO TO_ 24

A=) . .

DO 23 1i==X¢K .
AL==1./7(K+1e)o(e5+.5#COS(II%3.14159/(K+1.)))
IF(II.ENeNIALS1e=1s/(K+1,)

ASA+AL*X(1+11)



A AN P /
117% T IF‘HOE . - -A -
118= _ X(I=K)=A : L :
119% 24 CONTINUE
120% N=N=J+1
121% GO To 2
122% 25 IFCIFLoNE.'GOODMA*)GO TO 30 o _
125% WRITE(6,107)
- 124= READ(S0200¢END=S) O _
125% Ka(Ju=1)/72
126+ WRITE(60115) _ .
127« 115 FORMAT(* NUMBER OF TRIANGLES?')
126% READ(50200¢END=53) NO _
129% WRITE(6,12%)
13ux 124 FORMAT(* DATA SPACING?')
131» READ(S502000END=53)DEL
132« WRITE(Ge16) .
155= 110 FORMAT(* HIGH PASS(HIGH), -LOW PASS(LOW)» PASS BAND',
154x . ' (PASS) OR REJECT.  BAND(REJECT)2')
135= REAG (50201 END=53)M
136% IF(M.EQe"HIGH' «OR.M.EQ. 'LOW') GO TO 28
137 wRITE(60114)
1564 114 FORMATL* CENTFR FREQUENCY2') = _
139% REAV(5020002ENN=53) W
l4ux wWoY*DEL*6.28318 -
141% G TO 29 )
142% 28 CP=e5%(K=1e=2.*N0)/K/DEL
L35 wWRITE(6,117) CP
l44x 117 FORMAT(' CUl=0FF FREQUENCY IS '»F10.7)
145% WRITL(60,113)
146% 118 FORAAT(* DO YOU wANT TO CHANGE INPUT VALUES(YES/NO)?')
147 REAL(50201,END=53)1
140% IF(I.EQ.'YES') 60 TO 25
149 "=3.14159%(1.=-FLOAT(NO)/FLOATIK))
15Uu= 29 LO 2 I=1eN _ L
151+# IF(I.LE«K«ORsI«GT.N=K) GO TO 27
192% A=0a
155% CO 26 II==X,K
154« IF(II«EQ.ABS(K)IAL=(=1)%x%(NO+1)*,085NO/K%COS(K*W)
1o5% IF(I1.£2.0) AL=2,=%ii[l/K
150% IF(IieNE+OsANDeIT«NE<ABS(K))AL=2,/K#(.54+,46%COS(
197« . 11%3.14159/K) )*COS(II=W)*SIN(NO=II*3,14159/K)/SIN
1box* o (3414)159%I1I/K) _
159« 26 ASA+al.xX(I*+11)
160 IF(MeEQe'LOW' ,OR,M.EQe "REJECT ') A=X(]I)=A
1ol¢ X(I=K)=A
locs 27 CONTINUE - e _
PR N=N=J+1
lo4x cO0 TO 2 R
lob= 30 IF(IFLeNE«*SCALE")GO TO S2
lob» wRITE(60,119) X .
lo/% 119 FORMAT(* SCALE OPERATOR(ADD/MPY)2?)
loox READ(50201) IS0 et e
lo9x WRITE(60120)
1/70x 120 FORMAT(* SCALE FACTOR?')
1/71% KEAD(50200)SF
1/72= DO 31 I=1eN

175%

IF(ISOEQ«*ADD' )X (I)=X(1)+SF
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I74s
1/5s
176+
C117s
178+
179%
18uU=
l8.ix
182%
183»
184+«
1ldb+
ldo*
18/«
130»
169%
1Yuse
1914
192=
129%
19
190%
1Y%0%
197+
135«
199«
cdus
clis
euck
2ugs
PAVTY
2UL*®
2Jdue
2U7a
PAVRE
Sldx
ciJx
2ils

ey Ur wIWPLLAL TV

31

0
109

125

32
33
121

11v
51
11i
22
llc
115

V3

12c

oLl

EnD

IF(ISOEQ. "MPY' ) XTI)=X (1) %SF T

GV TO 2

WRITE(60.109)

FORMAT(' DO YOU WANT TO SEE PARTY OF _THE SERIES'»
*(YES/NO)2?)

READ (50201 CiND=53) IFL

IF(IFL.NEL'YES')GO TO 33

WRITE(60123) )

FORAT(Y 44AT PART(INITIAL-FINAL,STEP)2*)
KEAD(502000END=53) 10 JeK

LY 32 L=1edeK

WRITE(60270)X (L)

wilITL (60121)

FORMAT(Y 230 YOU WAMT THE FINAL SERIES STORED?.»
*(YUS/ZHO)2Y)

READ (S0 201 END=S3) IFL

IFUIFLetIES* YES *)GO TO 53

waRITL(60102)

FORAAT (Y QUTPYT DATA FORMAT2Y)

RCAD (50201 END=H3)FMO

CALL CSF(2enS5GReT)

ARDIC (om0 (X(I) e 1=1)

alliTe(oell)

FIRAAT (Y SERIES STORED.')

GY Tu 532

atlicloellliL X

FO2u T LTWeTH OF SERIES MUST BE LESS THAN'»IS»*,TRY AGA

GY) e 1

wndlle(be112)

FeaT(Y FICIER 16T RECOGNIZED TRY AGAIN.?)
p<ITo(oell )

Fod=aTle FLLTER?)

e Tu &

Wik (He122)

FOiRCAT(? FILTER TERMINATES.?)

CaLL EXIT

W0  DIAGNOSTICS.
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“R.ACF v e d

000 COMPILED BY 1201 BCS7E ON 01 DEC 70 AT 12:28:49.

N PROGRAM

RAGE USED: CODE(1) U00501: DATA(0) 004185; BLANK COMMONTZ)

ERNAL REFERENCES (BLOCK+ HAME)

ACF = AUTO=-COVARIANCE/CORRELATION PROGRAM.

TYPe» RELATIVE LOCATIONs NAME)

004004 100F
004043 105F
004073 110F
000200 1746
000226 2076
000416 3016
000470 53L

oL cooo
104F 0000
109F 0000
1636 0001
2026 0001
SL 0001
s2L 0001
B 0000
IcOo 0000
M 0000
OPTIQON nooo

000000 C
003743 II
n03742 MR
001750 Y

0000
0000
0000
0001
0001
0001
0000
0000
0000
0000

7 CoOMPUT: THE AUTO=COVARIANCES OF A DATA SERIES
THE AUTO=CORRELATIONS.

03 OF I 1UN
04 CSk
ud EXI11
uvo NINTRS
ui HRUUS ~
10 WLOLB
11 N1OgH
12 Nitkbwd
13 HalU»
14 HaBUb
15 AubF®
lo ASTOrs
KAGL ASSIONMET  (GBLOCK
vl Julu4u 1L oLol 000422
uu UU4UIS 103+ cuoo 004049
uu JUu4uod i9bk GUGY 0N40€&H
uu Luldl 122¢ ouul Q0015n
uu UuBLeS <01k oLul ouoz11
ul OJuls4u ¢&510 ouvol guniuil
ul UuU422 1L vlol 009462
UU K UU3726 AC 0U00 R 003744
LU 1 vud74L IC 0000 I 003733
UU L uu3d7s1 L 00060 I 003735
UU 1 wu3737 il U003 L 09009
1» G
2% C TiTLE
9% (&
G* C AUTHUR Re«R.SINGERS
oL 3 (53
0¥ C SPONSOR GeReAHDERSEN
= C
B C DATE AJGUST» 1979
Y= C
ive C KEY WORDS COVAKRIANCE
114 C CORRELATION
12» C
L% ¢ PURPUSE
1% G AND IF DESIREDe
1% L

004017
004046
004105
000061
000274
000431
003750
R 00372¢C
I 003730
1 003736

T ot TN O A D s e s

et e

G CHRERTEN T B PR TR ]

LR R T T T e T




'SINGERS/TSAF = TIME SERIES ANALYSIS PACKAGE/Z/ - =————
C METHOD -

lox
17x%
18
19»
20%
2l*
cex
23%
P
P41
Lu*
clx
28%
2Y9x%
Sux
Jax
RSP
Jda*
u=x
30
du=
d(*
Jidx
by
“Il'
HYax
Yo
40F
Hua
4O0%
poux
CNE
$ry&
49«
DUk
Qle
¢
D34
po L 2 3
0=
ST 3
S/
D¢
234
[ IVE S
His
Oc+
LI*
O4 =
LO#*
DL
iz
Do
0%
fu*
lis
12+

o

NOTE

99

1
10u

20UV

=
10l

VRS

)
lUc

103

104

(5

THE PROGRAM TS DESIGNED IN AN INTERATTIVE MODE

ASKING FOR CERTAIN PARAMETERS AND A DATA SERIES.

THE STANDARD METHOD OF COMPUTING THE AUTO=-COVARIANCES
IS THEM APPLIED. = —=
1) A DYNAMICALLY ASSIGNED FILE (UNIT 1) IS
USED TO SAVE THE AUTO=COVARIANCES (WHEN
SPECIFIED) FOR LATER USE.

PARAMETCR MX=1000

DIMENSION CUX) oY (MX)2oFMT(6)2AC(2)/'QASGeT 1¢F'/

LOGICAL COPTION

L=mML

REAL (50207 LND=S3)FMT

CALL CSF(2/AC. 1)

REdIND 1

IF(OPTION('NY))GO TO 1

WRITC(6093)

FOR-AT(/? ACF COMPUTES THE ALITO=COVARIANCE/CORRELATION FU

HCTION CF i SeRIESe'/' THE COVARIAMNCES ARE STORED ON UNIT 1 IN BINA
RYUIF DeSIRED) /0 1N CONSECUTIVE ORDER.')

« EiND2?)

wRITE(59149) :
FOR 1AT(/* DU YOU WALT COVARIANCE(COV)CORRELATION(COR) OR

READ (S92 2000END=53) ICO

FORALT (AAB)

IF(LILUCCE'LIIN')GO TO 50
wRIleE(oelul)

FORWAT(Y LELGTH OF SERIES?')
nEAL(De 20 LIND=DI)N

FORMAT( )

IF (e ToMX)50 TO 51
WRITL(69102)

FORGAT (Y HUABRER OF LAGS(ZERO INCLUDED)?')
REAU(S0201ENDES3)M
IFla.GTan) 30 TO 52
WRITE(6e103)

FORAAT (Y TIPUT DATA FORMAT?2!)
REAU(S50 200G END=S3)FMT

«RITE (59104)

EIRVAT (Y I71PUT DATA:Y)

RCAD (o FUTrEIINEDI) (Y(I) e I=1eN)

Ml:.'l-l

i) H ISl
fJI:;c'I

A=

LD 5 J=1.71

ASA+r(J)aY(J+])

Cli+1)=a/'i
IF(ICO«TQe"CURY e ANDW I4NELO)C(I+1)=C(I+1)/C(1)
A=C(1)

IFUICVEG'CURTY) C(1)=1.

AV AT

) TR IR 3§

IFUAareGT 1) VR=10

P 7 I=Sne

WRITL (6,109 (JeC(J41) e =1eM1p1I1)



SINGERS/TSAP = TIME SERIES ANALYSIS PACKAGE//

15%
4%
1o%
fox
7%
/8%
(9%
80x*
8lx%x
B2x
B3%
By *
8%
86%
U7x%
UH*
8Y9x%x
YU %
91lx%x
92%
93%

Ik

Yo%
Y6 x*
97x%
96
99x%x
10U*
lUulx*
102x%
105%
104%
1U0b%

1U6*

1U7=
1U8x*

105

100

51
110

52

111

= =

22

Ne®)

WSERIES=TRY AGAIN.')

- ...END FILE 1

-0 9 1=1,M____

. FORMAT (' SERIES LENGTH MUST BE LESS THAN'»110.' =TRY AGAI |

FORMAT(4(I4,EL15.8))
IFCICOEG*'COR'")IWRITE(60106)A
FORMAT (' VARIANCE='/»E15.8)
_B=0.
DO 8 I=1N
B=B+Y(I)
B=B/N
WRITE(69,107)B == ==
FORMAT(* MEAN='('E15.8)
_WRITE(61108) —_——
FORMAT(®* DO YOU WANT THE COVARIANCES STORED(YES/N0O)?2')
READ(5¢200¢END=53)IC
IF(IC.NE.'YES*')GO TO 1
WRITECLINeM
IF(ICO.NE«'COR')GO TO 10

C(I)=A%*C(I)
WRITE(L)(CUI)IS1eM)
WRITE(6,109)

FORMAT (' COVARIANCE STORED.')
GO Tu 1

REWIND 1
60 TO 53
WRITE(60,110)L

60 10 2
WRITE(60111)
FORMAT(* NUMBER OF LAGS_CANNOT BE GREATER THAN LENGTH OF

G0 70 3

WRITE(60122)
FORMAT(* ACF TERMINATES.!)

END_

ENU OF COMPILATION:

CALL EXIT

NO DIAGNOSTICS.




SINGERS/TSAP = TIME IES ANA IS PACKAGE//

R.PACF Jvd
J00_COMPILED BY 1201 BCS7E ON 01 DEC 70 AT 12:29:01.

V" PROGRAM
TAGE USED: CODE(1) UUDS55! DATATO) UUTYST! BLANK COMMONTZT UU0UUD

ZRNAL REFERENCES (BLOCKe NAME)

J3 OPT10N

J4 EXIT

Jo NINTRS

Jo NRDUD

v7 NIOLS —— e
10 N102% =

11 NwbUS

12 NkBUD

13 NSICPS = =

\AGE ASSIGWMENT  (BLOCK» TYPLs RELATIVE LOCATION, NAME)

)l Oulu2é 1L oLl L00413 1oL 0000 007253 100F 0000
WU YUl330 104k 0C0N  ©O07343 105F 0000 007376 106F 0000
JU  UUZ350 109 Jbuh  G07363 110F 0001 000011 1106 0000
)1 UJUL1lU 1476 CGul 000155 157G 0001 000213 1726 0000
)1 uul243 2n6L 0001 000273 2246 0001 000310 2306 0001
)1 Uul4dd 2776 06Ul 000470 304G 0001 000525 3236 0001
J1l Vuls44 S3L tLLO R COnpODY A 0000 D 007224 AO 0000
JU U Liled2 LEN 0UUD R 007210 FMT 0000 I 007240 1I 0000
JU 1 un7241 K 0000 [ C07246 KO 0000 x 007242 L 0000
JU 1 gu7a47 MA 0600 1 007237 ML 0000 I 007245 M1 0000
J3 L vubuJu OPTLON ut00 b 007216 RO “‘BDDO‘D 007220 R1 0000
1‘ c - PO— - - e 5. —— -
¢¢ C TITLE PACF = PARTIAL AUTO-CORRELATION PROGRAM.
Y =
4% ¢ AJUTHOR ReR«5INGERS
o% C
o* C SPOISOR GeRe ANDERSEN
7+ C —— —
b C DATE AUGUST 1970
9% C
L0x ¢ KEY WORDS PARTIAL AUTO=CORRELATION
11l C
léx ¢ PURPUSE 19 CUMPUTE THE PARTIAL AUTO=CORRELATION
13« C COEFFICIENTS AN THE_ CORRESPONDING VARIANCES
léx € OF UP TO 30 LAGS GIVEN THE AUTO=CCVARIANCES.
15« € THE FiRST NRDER MOVING AVERAGE COEFFICIENT
16% C IS ALSO COMPUTED,
17+ € _
18% C METHUD THE PROGiRAM IS DESIGNED IN AN INTERACTIVE MODE

007317
007405
007420
007250
000350
000354
007226
007234
007243
007236
007222

Orrm=D

-
/

—
=

VZr=> U -




SAP = TIW A PA 77
—I%% ~ T — " TASKING FOR CERTATN PARAWMETERS. IT IS ASSUNED ~ — ~ ~~ —

__2ux ¢ _THAT ACF WAS EXECUTED AND THE AUTO=COVARIANCES =
2lx% Cc SAVED. THE STANDARD METHOD OF COMPUTATION IS USED.
22% C
23% C NUTE 1) THE AUTO=COVARIANCES ARE ASSUMED T0 '
24% C BE STORED (ON UNIT 1) FROM ACF. ;
25% C
206% PARAMETER MXx=g0
27* DIMENSION A(MX.MX)vCO(MX)'V(MX)oFMT(G)
2us _DOUBLE PRECISION ROsR1+R2¢A0sALsNUMsDEN = -
29% LOGICAL OPTION
0= READ(50200/END=53)FMT =
= 20V FORMAT (6A6)
EP1 IF(OPTIONC('N'))GE TO 1
3% WRITE(6,100)
Sy=» 100 FORYAT(' PACF COMPUTES THE PARTIAL AUTO=CORRELATION AND A
3% «sRe COEFFICIENTS'/' UP TO ORDER K TOGETHER WITH THE RESIDUAL?',
KTy o' VARIAKCES OF THE'/' FITTED A«Re''S UP TO ORDER Kk AND THE FIRST',
S7* .' ORDER FeA« COEFFICIENTS,!)
6% 1 . WRITE(0e101) =
S9%x 101 FORMAT (/Y MAXIMUM ORDER OF K2')
Yus KEAD(Se2010ENDSSUM - =~
41+ 204 FORMATL )
LT IF(MeGTaMX)60 TO S1
432 READ (1) e VL
Y4 % READ(L1) {CO(I) o I=1oML)
45« Al(lel)=CO(2)/CO(])
4bH* DO 4 KR=3wM =
4/x L=K=]
48 L1SL=1
4ysr kO=CO(1)
SUx* LUMSCC(K) /RO
Dls LEN=1.00
PP cO 2 1=1,L1 - = = =
LR ALlSA(Lle])
D4 KR1=SCU(L=1I+1)
20% R2=Cul(I+1)
S0% NUMAS{iUM=A1%R]1 /R0
L7* e : DENSUEN=A1%*R2/R0
Sb* AU=HUMZDEN = =
oY% AlLeL)=A40
bux V0 3 J=1»L1
bl» 3 AlLeJd)=A(LLInJ)=A(L/L)xA(LLrL=J)
2% 4 CONTINUE
03= NilZiie]
b4+ WRITE(60103) =
VL% 100 FORMAT(/" PACF:')
bb* WRITE(6,108) (A(JpJ) eJd=1eM]1)
07= 104 FORIIAT(/(SEL15.8))
8% WRITE(601043)
vIx 100 FORMAT(* DO YOU WANT RESIDUAL VARIANCES'»
Tux . Y(YES/ZHN)2Y) = =
1% kEAu(bvdU"vLNO-53)l
le* IF(I.NEL.'YES?)GO TO 5
1% 0N 7 L=1.M)
4% V(L)=CO(1)

Io% DO 6 J=1sL



SINGERS/TSAP = TIME SERIES ANALYSIS PACKAGEZ7

T6% 5 - T VIO EV(DY =ATL, JT=C0TJ+1) =
17 7 = VIL)S(N=L)/(N=2+sL=1,)*V(L) == =
78% WRITE(60105)
—19%__— H6— FORMAT(/* RESIDUAL VARIANCES:') e
80s WRITE(60104) (V(I)eI=1eM1)
81 -] WRITE(60109)
82x 109y FORMAT(* ORDER OF A.R. PROCESS 10 BE VIEWED'»
83x% . ' (0=SNONE OR NO MORE)?') — —
84x READ(5¢201+END=53)K0
85= - IF(K0.FQ,0)G0 TO 10 === — == —
86 WRITE(>0104) (A(KOsI)»I=1,KO0)
87« G0 TO 5 —
Bo+ 10 wRITE(6,110)
BY+ llu FORMAT(* DO YOU WANT THE FIRST ORDER MsAs'r
9U=x . ' COEFFICIENTS(YES/NO)?2')
Yl READ(H2200/END=53) MA_ ___ _ =——=—
Yz« IF(MASNE.'YES?') GO TO 53
CETS L0 9 KS1.M1
Y4 x DEN=1.00
Yhs NUM=A(M10,1)
Yor L0 8 I=1K
9ix R1=A(lel) = = = —
Jdd4 K2=A(M1o141)
Y9a UENSUCH+R1*%2
1Uu# 8 HUMS[UM+R1 *R2
lusx LENSLEN+ (DLE(AIMLeM]) ) ) %%2
1ucgs Y VIK)=RUM/LEi
1U35e w2 Te(60106) ==
1U4 ¢ 1Co FORMAT(/* FIRST GOROER '"'eAe COEFFICIENTS:?')
10O WRITE(62108)(VII)eI=1eM1)
lUo» GO fu 53
1u/=» 51 L=Mx ,
S VHIE WRITL(60107)L
1UYs 107 FORYAT(* NUMBER OF LAGS CANNOT BE GREATER THAN'»I3s¢ =TRY
11U= AGAIN,?) = —
11l1= Gd Tu 1 .
112+ L3 wRITE(60111)
115+ 111 FORi.AT(* PACF TERMINATES.')
1l4= CALL EXIT
110% END

Eiil. OF COWPILAIIONS WG DIAGNOSTICS.




SINGERS/TSAP = TIME SERLi:S ANALYSIS PACKAGEZ/7~

ReASFrJrJ = S ==
JUO COMPILED BY 1201 RCS7C Ol 01 DEC 70 AT 12:29:30.

v PROGRAM
JAGE USEu: CODE(1) 001037: DATA(0) 0045327 BLANK CTOUMMONTZ2Y 000000

-RNAL REFERENCES (BLOCKr NAME)

03 OPTION =

4 CSF =

15 EALT -

16 NINTRS

17 NRDUS = =~ 5
.0 NLO1S

1 Nio2s =

2 NWOUS

13 NRBU$ —

4 COS

45 SIN ——_—— =
e SURT

L7 NWBUS S——— — ——

20 NWEF$

21 NSIOMS

(AGE ASSIGNMENT (BLOCKe TYPEs» RELATIVE LOCATIONs NAME)

01 000151 IL 0000 004250 IOOF — 0000 OO0G3I7 I02F 0000 0043271
10 UU43TT 105F 0009 004407 106F 0000 004413 107F 0000 004440 1
JU 004454 110F 0000 004334 111F 0000 004463 112F 0000 004472 1
)0 0U4353 115F 0000 004313 116F 0001 000011 1216 0001 000170 2
0 004326 201F 0001~ 000221 2146 0001 000322 2406 0001 0

)1 000500 3026 0001 000637 3276 0001 000754 3716 0001 001026 S
)1 001023 7L 0061 000026 99L 0000 R 004214 ANU 0000 R 003722 A
)0 R 00V0U2 C  0LOO_R_003733 CHI 0000 R 004224 CL 0000 R 004231 C
J0 R 004210 DEL 0U00 R 004242 EF 0000 R 004235 EL1 0000 R 004213 E
JO R Q01752 F .. 0000 R Q04226 FM 0000 R 003725 FMT 0000 R Q04241 F
90 I 004220 1 0000 I 004222 ICL 0000 1 004244 IF 0000 I oouzos 1
J0 1 004243 Iy . __0UO0 1 004211 Iw 0000 I 003724 I

90 1 004212 M 0000 I 004206 N 0000 I 004216 NM 0000 I ooaao7 N
10 1 004225 NU _ _ __ DUO3 L 000000

W0 R 004245 VR 0000 R 004232 VO 0000 R 004233 Vi 0000 R 004237 v

'%f:'“g'ft?ié"“ ASF = AUTO-SPECTRUM PROGRAM.
3:‘ g AUTHOR R+R.SINGERS
64 C SPONSOR 6+ ANDERSEN
= Z: g DATE AUGUST» 1970




SINGERS/TSAP = TIME SERIES ANALYSIS PACKAGE//

9%
lux
llx
1ex
15#
LG
1%
lox
17+
1%
19«
2Ux%
2l%
eex
25«
24x
2%
26%
2lx
28«
29x%x
SU*
Jlx
2%
3%
S %
SO%
So%
37«
J8*
S9x%x
Yux
G1x
42x
4%
Y4 %
45
Yox
474
484+
49
SUx
Ol
92%
53%

O

caococcoaccocococoOcacc

KEY WORDS AUTO=SPECTRUM

SPECTRAL DEWSITY

PURPUSE IO COMPUTE THE AUTO=SPECTRUM OF A DATA SERIES
AND TO PLOT THE SPECTRUM WITH ITS CONFIDENCE
LIMLITS.

METHUD THE PROGRAM 1S DESIGNED IN AN INTERACTIVE MODE

ASKING FOR CERTAIN PARAMETERS AND A DATA SERIES.
IT IS ASSUJED THAT ACF wAS EXECUTED AND THE
AUTO=COVARIAKNCES SAVED. THE STANDARD METHOD OF
COMPUTATION 1S USED.

NOTES . 1) THE COVARIANCES ARE ASSUMEDN TO BE

100

5TORe (O UNIT 1) FROM ACF.

2) A LYUA"ICALLY ASSIGNED FILE ( UNIT 2)
15 USZD TO SIORE [« AUTO=SPECTRUM

(wdllv SPECIFIED) .

PARAVETER MX=1000
DATA PIVePI/Z.1591549¢3,1415926/

DIMENSION CIMX) oF(MX) e AS(2)/'RASGY T 20F'/'FMT(6)

ULl S0 CHL(60,2) /
0-004.0.106:u.35203.7ll'1.1“501.635'2.167'2.73393.325v3.9%00“.575
15226058390 0e5T107426107.96205,67209¢390010.117010.851011.591¢1
2e336013:4091913:.844014:6119015e379116:151¢16:928017.708918.493,19.
281020),072020:867021.064922.465023:269024.075924%.884025.695¢26.50
9127326123 14402:4: 05020, TBT 030,612
31et4399 322030330949 332, 03003“076“'5506'360“37'370276'38 116038.9
58039, 8010L0U. 04604149201 2,.339943,188

3¢84115.991¢7.815¢9.,488¢11.0
T1012:592014,067015:597016:919018:307019.675021026022.362¢23,685
124¢996120¢296127:987028,869930144931.410032.,671¢33.924935.,172+3
6eU415937.6%2138.589040113041.337042,557943:.773044,985046.194,47.
400r48.,602949.802¢5U0e5993952¢192953:3B4954.572¢55.758¢156.942¢58.12
4959.304000.481761+6560
62e8B3964:4)011654171166¢339967¢505168.669¢69:.832070.993072.153,73,
311'7“.qb3'75062“'7007780770931'790082’

DIMSION ”’T(?U)/SO*' v/

DATA IL/Z'NOY/

LOGICAL OPTIiUM

REAU(S50201 vENNZESZ)FMT

IFLOPTIONI'HNY))GO TO 99

WRITE (69100)
= FORMAT(/! ASF COMPUTES THE AUTO SPECTRUM FUNCTION.'/

5 ' IT 1S ASSUMED THAT ACF WAS CALLED AND THE DESIREDY —~ —

=== ' COVARIANCES STQRED.'/' THE AUTO=-SPECTRA ARE' =

. ' STORED ON UNIT 2(IF DESIRED) CONSECUTIVELY.') = :

= IFCILONES'YES*IREAD(INeNN

FORMAT( ) »
WRITE(60116)

FORMAT(Y DATA SPACING?¥)

. READ(5¢200/END=53) DEL_
WRITE (60102)

_FORMAT(' WINDOW TO RE USED(TUKEY/DANIELL)?')
READ(5¢201 1END=53) IW




SINGERS/TSAP = TIME SERIES ANALYSIS PACKAGEZ/ -

06 *
b/*
o8*
O0Y%
fU%
/1%
2%
(3%
4%
/5%
6%
7%
18%
9%
80=
8lx%
a2
B5%
B4x
8=
BO*
8%
88x
HYx
Yux
Ylx
Yex
95%
Y4 x
Yhx
Yox
I7x%
Yux
9Y9=*
1UU=
101
102«
1U3%
1U4x%
1Ub%
lUox*
1u/7=
1u8=*
1U9%
110
111l

. l12x

113%

= 114=%

110%
116#

E 117

118%

f; 119%

120%
121%
122%

201

109

111

25

114

FORMAT(6A6) = — m—

WRITE(60103)
FORMAT (' RANDWIDTH PARAMETER?')

~ READ(S592000ENDSS3IM_

FM=AMAXO(FMeF (K))

~ FORMAT(' DO YOU WANT FREQUENCY(FREG.) OR'
*_PERIOD(PERIOD) DISPLAYED2*) :

IF(IneEQ.'TUKEY"')GO TO 1

EMl=M=1 — = =
ANUZ2#N/ZEML

AU=1. = =——— ——=——3=
WRITE(6,111)

FORMAT(? NUMBER _OF COVARIANCES TO BE USED?')_
READ(52200¢END=53) NM

60 TO 2 ——— =
EM1=N=1, =
ANUZ2.667*H/EM1
AU=T75

Ni1=M. =gt = = =
hRITt(bolO“)

FORMAT{* NUMBER QF FREQUENCY POINTS TO BE VIEWED?!)
READ(59200¢:END=53)NQ

IFCILNE,'YES?)READ(L) (C(I) 2 I=1sNN) . =

ENQ1=NQ=1
WRITE(Ge113) =
FORMAT(* DO You WANT CONFIDENCE LIMITS(YES/NO)?')
READ(5¢2012ENDS53) ICL —— e
Cu=1.

CL=1, e
IF(ICL.NE.'YES')GO TO Zb

NUSIFIX(ANU+,5) =

CU=AKU/CHI(NU,1)
CL=ANU/CHI (WU, 2)
FM=J.

DO 4 K=1,NQ
TAU=SR=1

CO=COS (P1#TAUZENG] )

V0=u.
V1=0, ——

Do 3 L-NMOZO-I

EL1=L=1 = = —

w=1l.

~AE(IWeEQe "OANIEL Y )W=SIN(ELL*PI/EML) /(EL1*PI/EM1)

IF(IWeEQ, ' TUKEY')W=+5#% (1.+COS(PI*EL1/EM1))
222, %CO4V1=VO+WxC(L) =
vo=v1

visve —=

F(K)=DEL#*(C(1)+2,*(V1*CO=V0))

FX=FM*CU/49.
WRITE(S118)

READ(5¢201+END=53)FP
WRITE(6:105)FP

105

FORMAT(* AUTO=SPECTRUM:'/2X¢AG¢* SPECTRUM?)
DO 5 I=1.NQ

L=I=-1
P ’ *

JE(FP.NE, '"PERIOD )EF=,5*L/ENQL/DEL
IF(FP.EQ, '"PERIOD' . AND.L.EQ. 0)EF=99.9999



SINGERS/TSAP = 1IME SERIES ANALYSIS PACKAGE//

123% IF(FP.EQ. "PERIOD Y s AND+L.NE.O)EF=2 . *ENG1/L+DEL
1cun IUSIFIX(F(I)*CU/FX)41

145% ILSIFIX(F(L)*CL/FX)+1

126% - IFSIFIX(F(I)/FX)+1 ==

127% IF(IU.GT.50)1u=50

128% IPTIIU)= 4+ e

129% IPT(IL)"'t'

130=% IPT(IF)=?, = —

131# wRITE(ov106)EF-F(I) IPT

132% 106 .. _FORMAT(FB.4rE12+5¢2X¢50A1) =

133% IPT{IU)=r

134= =PRI r_—_— _— — -

145% 5 IPT(IL)=?

136# VR=SQRT (AU*M/N) %100,

137+ IF(ICL.EQe'YES' )WRITE(62107)NU2CUsCLIVR

138% 107 o EQRMAT(* THE 90% CONFIDENCE LIMITS FOR NU='r12¢' ARE: CU=
139% »'F10e5¢" +CL='9F10.5/' THE SGRT OF VARIANCE RATIO IS:'sFB8.30% %')
140% WRITE(60108) .
1414 108 FORMAT(' DO YOU wWANT THE SPECTRUM STORED(YES/NO)?¢)

142% REAU(S201¢END=S3)INW _ _ _ .

1434 IF(IW.NE."YES*)GO TO 6

144% — e e - .. CALL CSF(2sAS.1) ———

145% WRITE (2)MsDEL /NG

146% - WRITE(2)(F(1),I=1¢NQ) e

147% WRITE(6,109) :

148+ 109  FORMAT(' SPECTRUM STORED.') = —

149% 6 WRITE(6,110)

150 110  _ FORMAT(' DO YOU HAVE ANOTHER SERIES(YES/NO)?') =
151% READ(5+2017END=53) {W

152% . IFUIWeNE,'YES')GO TO 7 e
153# WRITE(6,112)

154# 112 _. FORMAT(* IS THE SERIES THE SAME(YES/NO)?')
155% READ(50201) IL
1%+ 0 60 T0 99 —
157« 7 END FILE 2

158% 53 _WRITE(60113) — =
159% 113 FORMAT(' ASF TERMINATES.')

160% __ _CALL EXIT = = — =
161% END

END OF COMPTLATIONT — N0 DIAGROSTITS.
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SINGERS/ZIGAP = 'L SERILS ANALYSIS PACKAGE//

ReLSRAJ»J
Luu CCMPILED @Y 1201 3CS7E Gl 01 DEC 70 AT 12:29:18.

N PROGRAM

KAGE USLU: CONEL1) 0010763 DATA(O) 007410: BLANK COMMONT2) 000000

ERNAL REFERENCES (BLUCK» NAME)

U3  OPI110N

U4 RESTEM =

U5  EXIT

U6  CSF

07_ _NINIRS S =—=——— e
10 NROUS$

11 NiO1% : =—— =
12  wNiOz$

13 NwbU$ =

14  SGRT

15 NSTOP$ . - —

RAGE ASSIGNMENT (BLOCKe TYPEs RELATIVE LOCATIONs NAME)

Ul Uulu2eo 1L 00061 000617 10L ~ 0000 007003 100F 0000 007042 1
UU 007217 193F 0000 0070%3 105 0000 007056 107F 0000 007064 1
60 0u7iv2 110F 0001 . 000011 1106 0000 007116 111F 0000 007124 1
00 007137 11u4F G000 007145 115F 0000 007151 116F 0000 007156 1
U1 LUOU732 12L 0000 007265 120F 0000 007306 121F 0000 007335 1
UL 007243 124F 000U 007255 125F 0000 007311 126F 0000 007324 1
U0 0UU7363 129F 0001 C0014n 1606 0001 000160 1716 0001 000173 1
U0 VUTOLD 200F 0000 007041 201F 0001 000212 2076 0001 000232 2
U1  0UL34b 2536 0001 000366 2606 0001 000412 2726 0001 000455 3
01  UUUBUS 366G 0001 000705 4236 0001 000770 4476 0001 001015
Ul U0URYe SL 0001 001041 SI1L 0001 001053 52L 0001 001065
U1  U0LSLL BL .0601 000529 9L 9000 007034 99F = 0000 R 005675
00 R 06765 C 0U0H R 006744 D 0000 R 006777 DEV 0000 R 006756
00 R UUBT6T FL - 0000 R 006736 FMT __ 0000 I 006760 I 0000 I 006763
0U 1 0US733 IVAR C0U0 I 006755 IW 0000 I 006752 IS 0000 I 006774
bu 1 vuve762 L 0000 [ 006772 M 0000 I 006761 N 0000 I 006753
UU 1 006754 NV 0000 I 006766 NVAR 0003 L 000000 OPTION 0000 R 005752
VU R QUbS726 SIG 600U R 006776 SSK 0000 R 006775 SSO 0000 R-006770
U0 R 0VOLUL X 0000 R 0U5670 XBAR =

1+ C _ —___—— — —_—

2¢ C TITLE LSRA = LEAST SQUARES MULTIPLE REGRESSION PROGRAM

SiE=————— WITH ANALYSIS OF VARIANCE PRINTOUT. =

Yx C

o¢* C AUTHOR == R«R.SINGERS ————

6% C

7* C SPONSOR. = G.R.ANDERSEN

8x C




SRR TN

SINGERS/TSAP = TIME SERIES ANALYSIS PACKAGE// ~

9%  C DATE AUGUST 1970
lux C = = —— = = = === ==
1'* ¢ KEY WORDS REGRESSION
lex C --LEAST SQUARES _
13% ¢
14  C PURPOSE TO COMPUTE THE LEAST SQUARES REGRESSION COEFFICIENTS
15% C AND THE ANALYSIS OF VARIANCE DATA OF TWO OR MORE =
lox C "DATA SERIES. = - = =
17 € == —
18% C METHOD _ THE PROGRAM IS DESIGNED IN AN INTERACTIVE MODE
P ———— "ASKING FOR CERTAIN PARAMETERS AND THE DATA SERIES.
20 C THE STANDARU FORWARD LEAST SQUARES REGRESSION ===
21« C TECHNIQUE IS USEp.
22 C , e e e =
25% C SUBPROGRAMS RESTEM = UNIVAC 1108 STAT=PACK FORWARD
24x  C USED. _REGRESSION SUBROUTINE. = =
25 C
26% C NOTE 1) A DYNAMICALLY ASSIGNED FILE (UNIT 8) IS =
21 C USED TO SAVE THE RESIDUALS (WHEN SPECIFIED).
28 C E , = = =
29% PARAMETER MXL=500»MXV=5
SU* = DIMENSION X(MXL.eMXV V)2 A(MXVoMXV) e SIG(MXV)
S1x% s » IVAR(MXV) +B(MXV) s SBIMXV) ¢ R(MXL) » FMT (6)
2% DI..cNSION D(6) = - ——— -
35% LOGICAL OPTION
34 * —BREADID+2004ENDSO3)IENT ——  —— — — ————— ——— — —
35% 200 FORMAT (6A6)
Sux JIF{OPTION('N'))GQ TO 1 : =—
37% WRITE(6+100)
S8% 100 _FORMAT(/' ILSRA IS A STEPWISE MULTIng_REeRESSION PROGRAM®
39% : /' WITH ANALYSIS OF VARIANCE PRINTOUT.®
4u* == _ /' THE RESIDUALS ARE STORED ON UNIT 8(IF DESIRED).'/}:
41% 1 TWRITE(6+99)
42« 99  FORMAT(* NUMBER OF OBSERVATIONS?')
43 READ(5¢2019END=53)NL —
Yyx 201 FORMAT( ) Bl
Yo% IF(NL.GT.MXL)GO TO 51
H6% . WRITE(6,101) — —
47% 101 FORMAT(* NUMBER OF VARIABLES(DEPENDENT AND INDEPENDENT)
48% . )
4% 2 READ(S5¢201¢+END=53) NV
50% =— IF(NV.GT.MXV)GO TO 52
S51% IW=0
92%x 3 ___WRITE(6,105) = —= E——
53% 105 FORMAT(* F LEVEL?")
_ bux REAL (59201 ¢END=53)EFIN
95% EFOUT=EFIN
b6 = WRITE(6+107) =
57x% 107 FORMAT(* DEPENDENT VARIABLE FORMAT?')
b8x READ(5+200¢END=53) FMT = ==
59% WRITE(6,108)
_6Ux 108 FORMAT (* DEPENDENT VARIAgLE DATA:?)
blx READ(S5FMT) (X(IeNV) 2 I=1eNL)
02% ___N=NV=i1
03% DO 4 L=1/N
_b4x _WRITE(60109)L
65% 109 FORMAT(* INDEPENDENT VARIABLE':I2,' FORMAT?')

— - P————



66*

ol*
oy*
609»
0%
/1%
12%
135%
T4%
5%
Tox%x
1%
/8%
19%
BU*
Bl
Be2x
BI*
B4 %
8o%
Bo*
a7%
88 %
dY»
QU=
91%
Y2 %
3%
4%
Yo%
Y6 *
Y7%
Yb%x
99 %
1uix
1U1»
1U2«*
1U5%
1u4x%
1ub*
1Ub%
1u7x%
1u8=*
109%
11lux
111x%
1i2x*
11i5%
114x
115%
116%

117%

118#
119%
12Ux*
121%
1E2%

110
4

102

111

112
113
114

115

110

117

118

READ(59200END=S3Y)FMT " 7 T
WRITE(6,110)L

FORMAT (* INDEPENDENT VARIABLE'rI2s' DATA:')
_RCAD(5¢FMT) (X(IoL) s T=1oNL)

IND=0

_ISTEP==1 z

CALL RESTEM(XsNL,NVsMXLoMXVeWs IWsEFIN/EFOUT» XBAR?A¢SIGCr
. . NVAR'FL»SY*NOINs IVAR¢B¢ Re» IND) = —

IF(1ND.EQ.V)GO TO 10
ISTEP=ISTEP+1
IF(ISTEP,NE.0)GO TO 7
WRITE(60102) (I+XBAR(I) v I=1/N)
FORMAT (/' MEANS:*/(3(I5vE15.8)))
WRITE(60111) =
FORMAT(//? CORRELATION COEFFIC!ENTS ')
M=N=1 —
DO 6 I=1,M
K=I+1 S —
WRITt(60112)(IoJoA(IoJ)'J-KvN)
FORMAT(3(4XeJ20' VS*'eI2e' = *»F10,6)) —
WRITE(6+113)(IrA(I/NV)eI=1/N)
e o .. .. FORMAT(3(4Xs12¢' VS Y = *9F10,6)) —
WRITE(6,114)SY
FORMAT (' _STANDARD ERROR OF Y "0E12.6)
D(4)=SYxx2
. D(3)=NL=1.
D(2)=D(4)*D(3)
- -DL1)=1.E30
SS0=p(2)
_WRITE(6:103)D
GU TO 5
_WRITE(60115) ISTEP
FORMAT(/* STEP NQO«'¢13)
__IF(NVAR.GE-0)GO TO 8
NVAR==NVAR
FL==FL .
WRITE(60116)NVAR
. _FORMAT(5X»' VARIABLE REMOVED:',13)
GO To 9
__WRITE(6:117)NVAR
FORMAT (5X»* VARIABLE ENTERING:'»13)
___ _WRITE(6,11 'S ¢+ (IVAR(I)+B(I)eSB(I)eI=1/NOIN
FORMAT(5X»* FLEVEL'"/F13.6/76X¢ *'STANDARD ERROR OF Y'!F13.6/

_6X» *CONSTANT' »E13.6//13Xs *VARIABLE COEFICIENT  STD.
.tRROR OF COEFF'/(17Xs" X',12+E16.8+E18.8))
.. D(4)=SY*%%2

N(3)=D(3)=1.
__SSK=p(4)%*D(3)
D(1)=D(2)=5SK
-~ DL2)=SSK = =
D(5)=SGRT(D(1)/D(4))
e . 046)21.=D(2) /SSO
WRITE(60103)D
FORMAT (/' SSVAR='¢F13.622X?» 'SSRES='91F13.6¢2X
. » 'DFRES='9F13.6/1 MSRES='"+F13.6¢6Xe'T="»
. - F13.6¢' MULTCQR=',F12,6/)
IF(ISTEP.LT.NV)G0 TO 5




"~ SINGERS/TSAP = TIME SERIES ANALYSIS PACKAGEZ7

123% TINDERY T T e
124% ... 60 TO 5 —
125% 10 WRITE(6s124)
_l2e% 124 ORMAT(' DO YOU WANT TO SEE SOME OF THE ',
C127% - 'DEVIATIONS(YES/NO)?')
128  READ(59200¢+END=53)1
129% IF(I.NE.'YES') GO TO 12
o 130x e WRITE (60125) ———
L 131= 125 FORMAT(* WHAT PART(INITIAL+FINAL,STEP)?2")
- 132% READ(5¢201END=53)JoKoL
- 133% WRITE(6+120)
Aohx 120  FORMAT(/' PREDICTED VS. ACTUAL RESULTS:'/*' OB. NO.'rlXr
135x% . YACTUAL ' »4X» *PREDICTED ' 1 4X» *¥DEVIATION®)
S . DO-1 I=hikl ——
137% DEV-(X(I.NV)-R(I))/X(I-NV)*IOO.
< _138% 11 WRITE(6:,121) I, X(1eNV)R(I)+DEV ——=
139% 121 FORMAT(I5¢2E13.6,F10.2)
140% 12 . WRITE(A:126) _ = —
141% 126 FORMAT(* DO YOU WANT THE RESIDUALS STORED(YES/NO)?')
- 142% .. READ(5:200:END=53) 1 =
. 143% IF(I.NE.*YES') CALL EXIT
S 144% B leae . — =
©145% 13 R(IN=X(IsNV)=RI(I)
S lsex  _ _CALL CSF(2¢'QASG,T 8¢F'e])
147% WRITE(6:127)
© 148% 127 FORMAT(* OUTPUT DATA FORMAT?*) =
149x% READ(52200¢+END=53)FMT
150% WRITE(8,FMT) (R(I)»I=1oNL)
151x% WRITE(6,128)
_152=* 128 FORMAT(* SERIES STORED.') =
153% GO TO 53
154« 51 @ I=MXL —— =
155% “WRITE(6s122)1
156% 122 FORMAT (' NUMBER OF OBSERVATIONS MUST BE LESS THAN'.IS.' T
157% «RY AGAIN')
158% —— GO TO 1 =
" 159 52 I=MXV
160x% WRITE(6:123)1 —————
161% 123 FORMAT(* NUMBER OF VARIABLES MUST BE LESS THAN'#I5+' TRY
s 1e2x% «AGAINY) =
163% GO0 To 2
- 164% 53 WRITE(60129)
. 165+ 129 FORMAT(* LSR TERMINATES.')
:_166% CALL EXIT
- 167 END
2

“ENOOF COMPICATIONT — — RO DIAGRUSTICS:




" SINGERS/TSAP = TIME SERIES ANALYSIS PACKAGE/Z7

ReXCFided e = ——
000 COMPILED BY 1201 BCS7E On 01 DEC 70 AT 12:29:45.

N PROGRAM

RAGE "USED? CODEUI1 0005027 DATATU) UIUU63F BLANK COMMONTZ) UUU000

ERNAL REFERENCES (BLOCK» NAME)

03 OPTION
TE= i S
05 NINTRS

06  NRDUS

07  NIO1S

10  NIO2S

11 _NWDUS.

12  NREWS

13 NKBUS _
14  SGRT

15 NWBUS

16  NWEFS

17 _ NSTOPS

RAGE ASSIGNMENT (BLOCKe TYPEr RELATIVE L.OCATION: NAME)

00 007667 I00F 0000 UU7746 I0IF OU00  OU7761 103SF 0000 007771 1
0U 010011 106F 0000 010014 107F 0001 000011 1076 0000 010025 1
01 000061 1336 0001 000104 1436 0001 000144 1616 0001 000156 1
01 000213 2006 0000 007760 201F 0001 000232 2046 0001 000241 2
01 000332 2406 0U01 000356 244G 0001 000421 2676 001 00
01 V00446 3036 0001 000471 53L 0001 000432 8L 0001 000026
00 R 007650 B 0000 R 000000 C 0C00 R 007640 FMT 0000 I O
00 1 00/647 ICO 0000 I 007662 1I 000G I 007646 1S .__ 0000 I 007651
U0 1 007653 M 0000 I 007661 MR 0000 I 007655 M1 0000 I 007652
03 L 0OUOUD OPTION 0000 R 003720 Y

l
i & C
; 2«  C TITLE XCF = CROSS=COVARIANCE/CORRELATION PROGRAM. —
. 3% C
| 4%  C AUTHOR RsR«SINGERS
| 5* C
| 6% C SPONSOR_ _GeR<ANDERSEN

7= C =

8% C DATE AUGUST »1970 L —

9%
x.

11x* CROSS=CORRELATION

14% AND IF DESIREDe THE CROSS=CORRELATIONS OF TWO DATA

15% SERIES.

c
C
12 C
13 C PURPOSE TO COMPUTE THE CROSS-COVARTANCES OF TWO DATA SERIES
c
c

e e e e R T




SINGERS/TSAP = TIME SERIES ANALYSIS PACKAGEZ/

6% C
L7*x  C METHOD THE PROGRAM IS DESIGNED IN AN INTERACTIVE MODE = =
18x C ASKING FOR CERTAIN PARAMETERS AND TWO DATA SERIES.
19« C .. . IT IS ASSUMED THAT ACEf!A§_E!ES!IEQ_AMQGIﬂE_Agégz_I_N_,______
20x C COVARIANCES SAVED. THE STANDARD METHOD OF COMPUTATION
21  C 1S USED.
2% C e
23%* C NOTES 1) IT IS ASSUMED THAT THE AUTO=COVARIANCES
f2us C ARE STORED (ON UNIT 1) FROM ACF.
2o _C ____2)_THE _CROSS=COVARIANCES ARE STORED AFTER
26% C THE AUTO=COVARIANCES (ON UNIT 1),
27% Cc
28% PARAMETER MX=1000 =—=
“29% = DIMENSION C(MX22) 2 Y(MX02) FMT(6) = =
30% LOGICAL OPTION
S _ READ(52200+END=53) FMT
32% 200 FORMAT (6A6)
i = — . IF(OPTION('N'))Go TO 99 =
3% WRITE(6+100)
C35% 100 .. _FORMAT(/' XCF_COMPUTES THE CROSS=COVARIANCE/=CORRELATION's __
56% s '* FUNCTION OF TWO SERIES.'/' IT IS ASSUMED THAT THE ',
cS0% . .. e_. ._ .____'AUTO=COVARIANCES OF THE TWO SERIES ARE'/' STORED ON *'»
- 38% . 'UNIT 1. THE CROSS=COVARIANCES ARE STORED ON */' UNIT?,
- 39% e .. .. ' 1(IF DESIRED) AFTER THE AUTO=-COVARIANCES.*)
40% 99 REWIND 1
T4x =—— . _WRITE(&s101)
42x 101 FORMAT(' DO YOU WANT COVARIANCE(COV) OR CORRELATION(COR)?')
43% e evee .. READ(522000END=53) ICO
Lyx 201 FORMAT( )
4% R .t ——————
Yo* DO 3 J=1.2
47% = _ WRITE(6+103)J ——
4% 105 FORMAT(* INPUT DATA FORMAT OF SERIES'el2s'2%')
49«  READ(5200+END=53)FMT
S0% WRITE(6,1064)J
1% 104, ~~~  FORMAT(' INPUT DATA OF SERIES':I2.'37) ===
_b2% READ(1)NeM
53% — __ READ(5+FMT+END=53) (Y(I+J)sI=1sN)
i Ohx READ(1)(C(Ted) e I=1,sM)
S99 3 0 B=B#C(leJ) ==
S50% B=SGRT(B)
pS——— il
558x% DO 5 I=0,M1
=09% 0 _NISN=I = ==
L DO 5 J=1,2
Ql:________ === A=0.,
_52% DO 4 K=1,NI
05 4 0 ASA+Y(KeJ)*Y(K+I,3=J)
~ bux C(I+1+J)=A/N
5% 5  IF(ICO.EQs'COR')IC(I+1+J)=C(I+1+J)/B
~ 66% MR=M/4
- 6Tx I1I=MR+1 =
- byx IF(MR.GT,10)MR=10
69N ——— — — DO 6 K=1,2
0% I=3=K

E/is  WRITE(6+105)1COsKs1 —
§ T2a 105 FORMAT(/* CROSS=1¢A3s', FOR SERIES'+I3¢"' VSetsI3st,7)




SINGERS/TSAP = TIME SERIES ANALYSIS PACKAGE/7

T3%
4%
9%

e
106

lox

7%
78%
9%
R
81*
- u2x
Bi%
84 x*
85%
do%
7%

vE%x

89x%
904
Y14
92x

107

108

i
111
END

- END OF CUMPILATION:

_READ(59200END=53)IC ___ =
. IF(ICO«NE«"COR')GO TO 8
.-DO 7 1=1:M

DO 6 T=0,MR —
WRITE(60106) (JrC(J+10K) nJSToMLIII)
FORMAT(4(I4rE15.8))
WRITE(60107) — = -
FORMAT(* DO YOU WANT THE COVARIANCES STORED(YES/NO)?2Y)

IF(IC.NE.'YES')GO TO 53

DO 7 J=1,2

C(IrJ)=B*C(IsJ)

WRITE(L) ((C(IsJd)pI=10M)eJd=102)
WRITE(6+108)

FORMAT(* COVARIANCES STOREQ.*) .
END FILE 1

REWIND 3

WRITE(60111)

— FORMAT(* XCF TERMINATES.') =

CALL EXIT

NO _DIAGNOSTICS.




" SINGERS/TSAP = TIME SERIES ANALYSIS PACKAGE/Z7

RDXSF'J'J
JU0 COMPILED BY 1201 BCS7E ON 01 DEC 70 AT 12:30:29.

N PROGRAM

IAGE USED? CODE(1) UOI1747 DATA(U) UIF15Z7 BLANK COMMON(Z) 000000~

SRNAL REFERENCES (BLOCK+ NAME)

b U T of ¢ ) S

U3 OPTIUN
04  ATANH

05 _ EXIT

06  NINTRS

07 __ NRLUS

10 nio1s

11.. NI02S. .

12 NWDUS

13  NRBUS

14 SGRT

16 SIN

17 ATANZ

20 NWBUS
21__NSTOPS

RAGE ASSIGNMENT
JU0 0I37II 100F ~— 0000  O0I377% I05F 0000 OI%0I0 106F 0000 014029 1

(BLOCK» TYPE. RELATIVE LOCATIONs NAME)

JO_ 014060 109F 0000 014101 110F 0000 014030 111F 0000 014045 1
J1 000011 113G 0001 ~ 000050 134 000 0 0001 000110 1
J1 000210 1756 0000 013710 200F 0000 013773 201F 0001 000223 2
J1 000413 2446 0001 000436 2576 00 2 0001 000452 2
J1 000657 3346 _0001 000723 3516 0001 000750 3676 0001 001100 4
J1 001146 442G 0001 001163 53L 0001 000026 99L 0000 R 013660 A
J4 R 000000 ATANH 0000 R 0000090 C 0000 R 013664 CO 0000 R 013702 D
JO R 013703 EF 0000 R 013673 EL1 0000 R 013656 EMI1 0000 R 013657 E
JO R 003720 F 0000 R 013560 FMT 0000 R 013701 FP 0000 I 013651 I
0 1L 013706 IP 0000 I 013562 IPT 0000 I 013644 IS 0000 I 013652
00 I 013672 L 0000 I 013653 M 0000 I 013647 N 0000 I-013650 N
00 R 013676 0D 0003 L 000000 OPTION

00 R 007640 Q 0000 R 013665 SI 0000 R 013663 TAU 0000 R 013707 T
00 R 013667 Vi1 0 02

00 R 013700 22

0000 R 013677 V2

1% C
2% C TITLE XSF = CROSS=SPECTRUM FUNCTION.
3% C

4% C AUTHOR

ReR.SINGERS

5% c

GeR+ ANDERSEN -

14

6% C SPONSOR
c




SINGERS/TSAP = TIME SERIES ANALYSIS PACKAGEZ/

8% C DATE SEPTEMBER» 1970 = e
Y% o == e —— = — =
10% C KEY WORDS CO=SPECTRUM
11x C QUADRATURE =~ —— = —
12%
13x  C PURPOSE T0 COMPUTE THE_ CO=~SPECTRUMyQUADRATURE :PHASEr?AND
lyx C CUOHERENCE BETWEEN TWO CATA SERIES.
15% C = = =
lox C METHOD THE PROGRAM IS DESIGNED IN AN INTERACTIVE MODE
17 c T ASKING FOR CERTAIN PARAMETERS AND TWO DATA SERIES. =
18% C IT 1S ASSUMED THAT ACF+XCF*AND ASF HAVE BSEN
19x C _EXECUTED AND_THE AUTO=COVARIANCES:CROSS=COVARIANCES:
20% C AND THE AUTO=SPECTRA(USING THE TUKEY WINDOW)
2l C _HAVE BEEN SAVEDe THE STANDARD METHOD OF COMPUTATION
22» C 1S USED.
oax _C = e
24% C NOTES 1) THE AUTO AND CROSS COVARIANCES ARE ASSUMED TO BE
2o% C . ___STORED(ON UNIT 1) FROM ACF AND XCF. =
20% C 2) THE AUTO SPECTRA ARE ASSUMED TO BE STORED(ON
el* C .. e ..._UNIT 2) FROM ASF, e
28% C
. 29% PARAMETER MX=1000
0= DIMENSION C(MX?22) sF(MX02)90Q(MX02) :FMT(2) ¢ IPT(50)/50%
ik — v
2% 5 " DATA PIV-PI/.15915“9.3.1415926/
98x . _LOGICAL OPTION
4% READ(5¢200¢END=53)FMT
3% 200 FORMAT(2A6)
Sox* IF(OPTION('N'))GO TO 99
37«  _WRITE(6,100)
Sy 100 FORMAT(/* XSF COMPUTES THE CROSS=SPECTRA FUNCTIONS FOR'»
39% /' THE TUKEY WINDOW.'/*' IT IS ASSUMED THAT THE AUTO= AND C
40x .Ross-LoVARIANCFS ARE STORED ON'/' UNIT 1 AND THAT THE AUTO=SPECTRA
__41= +ARE STORED On UNIT 2.'/' THE CROSS SPECTRA ARE STORED ON UNIT 2 AF
42x% «TER THE AUTO-SPECTRA(IF DESIRED) ")
43 201 FORMAT!( )
Yyx 99 READ(1)NeNN
. 11 S READ(1)(C(Ir1)rI=1+NN)
46% READ(1)NsNN
47% READ(1)(C(Ir1)eI=1eNN)
48x% READ(1) ((C(IoJd)rI=1/NN)rJ=1,2)
49 0022 READ(2)M.DEL/NG
0% EM1=mM=-1
=)t ENQ1=NQ=1.
52% AMU=2,667*N/EM1 =
3% ANU=1.65/SQRT (AMY)
SYx%x DO 2 I=1+2
___O5% JEMOD(Ie2)+1
Yo% * DO 2 K=1,NQ
YL JAU=K=1
58% CO=COS(PI*TAU/ENQ1)
59x% SISSIN(PI=TAU/ZENQG]L)
60 v0=0,
blx V1=0,
62% 20=0
6% 21=0,

o= DO 1 L=Mes20=1



SINGERS/TSAP = TIME SERIES ANALYSIS PACKAGEZ7 = ==

s EL1=L-1 s s —— e -
06% W=e5%(1,4COS(PI*EL1/EML)) == ==
7% EVSe5%(C(LeI)4C(LoJ))

o8x 0D=.5*(C(LeI)=C(L0J))

09= V222 . xCOxV1=VO+WxEV

Tux —  22=2.,%C0*Z1=20+W%x0D ==
/1% vo=vi

/2% =P o s awne LT = =
S 13% 20=21

4% 1 = 21=22

To% F(KeI)=DEL*(C(1r])+2,%(VI%CO=V0))

Tox S = C Q(KeI)=2.%PIV%Z1%SI ==
1T% WRITE(60105)

78% 105 = FORMAT(' DO YQU WANT FREQUENCY(FREG.) OR PERIOD(PERIOD)'»
19% . /" DISPLAYED?')

-]V S =53)FP

81x% READ(2) (C(Ir1)eI=1,NQ)

H2% e READ(2)1eDed

83% REAL(2) (C(Ie2) ! 1:NQ)

b4x .-D0 3 _IS1:NQ

gbx D=C(Ir1)%C(I,2)
“Hox ____ DO 3 Jd=1,2
~87* C(IvJ)=ATANHISART((F(IvJ)%%2+4Q(I,J)%%2)/D))

e _——98 - — . EMT(J)=MAX(ABS(C(IrJ)) o FMT(J))

89x% FMT(1)=FMT(1) /49,

90% FMT(Z)=FMT(2) /749,

Y1x% 1=1

9% J=2

Y3% WRITE(5¢106)FPe1,J

4% 106 FORMAT (/2X» A6 * ARCTANH(COHERENCE) FOR SERIES'»I2¢* VS,*
‘95% . 11200 L)

P DO 4 K=1/.NQ =
97 % L=K=1

98 % IF(FP.NE.'PERIOD')EF=.5#L/EN01/DEL

9o* IF(FP.EQ, " e Lo

Vo o IF(FP+EQ. 'PERIOD! s AND+L +EG+0) EF=99,9999

Ul* IFSIFIX(C(KeI)/FMT(I))+1

v2x IF(IF«GT.50) IF=50

U3 IF(IF.LT.1)IF=1

V4% IPT(IF)=v+"

Ubx*x WRITE(6¢+107)EF*C(Ke 1) o IPT

UG* 107 FORMAT(FB.4¢E12+502X050A1)

U7 % o4 IPT(IF)= *

Ve* IFSIFIX(ANU/ZFMT(1))+1

U9x%x IPT(1)=0x%"

"10% IPT(IF)='%"' =
.11% HRITE‘K-III)AMU-IPI

12% 111 FORMAT(* NUS*'FS.0,13X¢50A1)

13% IPT(1)=

14x% IPT(IF)= ¢

15% WRITE(6+108)FPrI,J

16* Aud FORMAT(/3X1A6:"* PHASE FOR SERIES'r12¢' VS.'sI2s ,')
17= DO 5 K=1,NQ

18+ PH=57.2958%ATAN2(Q(KrI) e F(Ke 1))

19=% L=K=1

20% IF(FP. 'PERIOD' )JEF=.5%L/ENQ1/

21% IF(FP+EQ.'"PERIOD' . AND:L.EQ.0)EF=99,9999
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122% IF(FP+EQ."PERIOD' . AND.L.NE.OJEF=2.%ENQ1/L2DEL

123% IPSIFIX(PH/7.16)¢25 =

124x* IF(IP.GT,.50) IP=50

125% — IF(1PeLT 1)IP=1 ="
126x IPT(25)='%"

1217x= ) IPT(IP)=+? aaaTT———— _—

128% hRITE(ble?)EFoPHvIPT

129% . IPT(29)=r —se == e e

15ux 5 IPT(IP)=r

131% — .- WRITE(6,112) ————
132% 112 FORMAT(T210'%1925Xs ' %9)25X % /T199'=180",

134» = 24Xe'0'p24Xe*'180)

134% WRITE(6,109)

155% 109 FORMAT (/¢ 1O YOU WANT THE CO=SPECTRA AND QUADRATURES',/
136% . ' STOREN FOR TIME SERIES REGRESSION(YES/NO)?2')

137« . _ _READ(S:200,END=53)TS B ———
1o8% IF(TS«NE.'YES')GO TO 53

139% WRITE(2)((F(IeJ)oIS1eNQ)eJ=1e2) =
140% WRITE(6,110)

14l 110 FORMAT(* SERIES STORED.') .. .

142x% 53 WRITE(6¢113)

149 115 . . _ __FORMAT(' XSF_TERMINATES.') =
144 CALL EXIT

145% . e .. - ————— —— == —

ENU OF COMPILATION:  NO_ DIAGNOSTICS.
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ReCOMBrJ+J iy v 5 =
JUO COMPILED gY 1201 BCS7E ON 01 DEC 70 AT 12:31:15.

v PROGRAM
{AGE USFD: CODEU1) 000522: DATA(D) UUGISI7 BLANK COMMONTZ2) 000000  ~—

:RNAL REFERENCES (BLOCK+ NAME)

J3 OPIION
J4  CSF ni=y == ==
15 EXIT —

J6  NINTRS

iL-_NROUS .

10 NIO1S

L\l N1O2F == =

12  NwDUS

.3 NSIOPS -——

(BLOCK+ TYPEs» RELATIVE LOCATION, NAME)
T 8001 ~ 000240 1oL OUO0  UU3743 I0UF 0000 0037761

IAGE ASSIGNMENT
)1 T 000026 1L

JU 004015 103F 000U 004022 104F 0000 _ 004030 105F 0097 _ 004035 1
)0 004055 108F 0000 004066 109F 0000 004073 110F ooooil 1
JU_ 004110 112F 0000 004122 113F 0000 004136 114F 000255 1
)1 000301 14l 0001 000102 1436 0001 o00036&4 15L ~00012% 1
JU__ 004006 201F 0001 _ 000201 2056 0001 000216 2156 o vl 000243 2
)1 000272 2476 0001 000360 2766 0001 oooiSz 3L U001 000424 3
)l 000154 4L 0001  CO0455 SOL 0001 000465 S5iL 0001 000477 S
)1 000206 6L 0001 0002.3 BL 0000 R 003726 ASGB 0000 R O

003735 10P 0000 I 003730 1s 0000 I 003736 J 0000 I 003733 K
RT‘“BG!?SETM 0000 I 003734 N

1% Ci

2% C TITLE COMB - A PROGRAM TO COMBINE TWO DATA SERIES.

36— C =—

4% C AUTHOR R«R+SINGERS

5% C = =
?‘ g SPONSOR G+R.ANDERSEN =

*

8% C DATE NOVEMBER, 1970 =

9% C

10* C KEY WORDS COMBINE»

11* C CONCATINATE

12¢ ¢

13% C PURPOSE TO COMBINE TWO DATA SERIES USING ONE OF FIVE

14x» [ mmtﬁsuﬁ'ﬁ-gﬂe.iﬂ.u!v.!m.

15¢ C =

16% C METHOD ~THE PROGRAM IS DESIGNED IN AN INTERACTIVE NODE

17# C ASKING FOR CERTAIN PARAMLTERS AND APPLYING THEM TO
18¢ C TWO INPUT DATA SERIES. THE iE!UEgiET SERIES MAY THEN
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19x ¢ 7 7T BE STORED.
' L
21* C NOTE 1) A DYNAMICALLY ASIGNED FILE (UNIT 8) IS USED TO
22% ¢ STORE THE FINAL SERIES.
25 C
24x  PARAMETER MX=100g
25% DIMENSION X(MXe2) eFMT(6)¢
20% o ASGB(2)/'QASG:T g8eF'/
27% LOGICAL OPTION
28% READ (50200¢END=53)FMT
29% 200 FORMAT (6A6)
S — IF(OPTION('N'))GO TO 1
31x% WRITE(6+100)
_32% 100 FORMAT(! 0
33% . StRlLS"/' ADDeSUB+MPYDIV»CON(CONCATINATE) */* THE RESULTANT SERI
Sux  LES IS STORED ON UNIT S8(IF DESIRED).*)
35% 1 DO 2 1=1.,2
_S6% WRITE(6:101)1
37% 101 FORMAT(* LENGTH OF SERIES'»I2+' TO BE READ IN?2')
o Sbx 0 READ(5:201,END=S53)M
9% 201 FORMAT( )
_40% IF(M.GT.MX)GO TO 51
41x WRITE(6,102)1
_42% 102 FORMAT(* INPUT DATA'»I2.* FORMAT2?)
43x% READ(5¢200¢END=53)FMT
_4yx WRITE(6:103)1
45x% 103 FORMAT(* INPUT DATA'»120% 3°')
46% 2 READ(S+FMT) (X(KeI) e K=1eM)
47% 3 WRITE(6,104)
 48x% 104 FORMAT(* LENGTH OF OUTPUT SERIES2')
49x READ(50201+END=53)N
SUx IF(N.GT«2*MX)GO TO 52
Slx 4 WRITE(6,105)
H2* 105 FORMAT(* OPERATOR TO BE USED?')
S5% READ(50200+END=53) IOP
S4x IF(JOP.NE.'ADD")GO TO 6
55% DO 5 J=1»N
56% 5 X(Je1)=X(Jr1)+X( Je2)
57% GO TO 1%
H8% [ IF(IOP.NE.'SUB')GO TO 8
59x% DO 7 J=1/N
60x 7 X(Je1)=X(Jel)=X(Je2)
61x 60 TO 14
62% 8 IF(IOP.NE.'MPY*)GO TO 10
63% DO 9 J=1.N
64 % 9 X(Jr1)=X(Jr1)xX(Je2)
65% GO TO 14
66% 10 IF(IOP.NE.'DIV*')G0O TO 12 =
67x% DO 11 J=1¢N
_68x* 11 X(Je1)=X(Jr1) /X Je2) =
69x% GO TO 14
70% 12 IF(IOP<NE+'CON')GO TO 50 =
71x% : K=N=M+1
72% L=0
3% DO 13 J=K¢N
T4x%x L=L+)

75% 13 X(Jel)=X(Le2)
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16% 14 " WRITE(6,1086) T
17% 106 FORMAT(* DO YOU WANT TO SEE PART OF THE SERIES(YES/NO)?')
T8% READ (5¢200+END=53) I0P
9 ___IF(IOP.NE.'YES')GO TO 15 =
8U* WRITE(6,107)
Blx 107 FORMAT(? WHAT PART (INITIAL+FINAL,STEP)?Y)
B2x* READ (5+2017END=51)Tr JrK
Bax  WRITE(69201) (X(Ly1)sL=IsJeK) B
B4 15 WRITE(6,108)
_ B5% 108 ~___W_E_ORMAT(- DO_YOU WANT THE RESULTANT SERIES STORED(YES/NO)'
Bo* .
87% ,REAU(J!ZOO:ENQ:§§L!QE__ ==
Ba* IF(I0P.NE.'YES')GO TO 53
. 89% _ WRITE(6+109) = i
Yu* 109 FORMAT(* OUTPUT DATA FORMAT2')
9ax o READ(50200/END=53)FMT —
92# CALL CSF(2+ASGB¢I)
== . WRITE(B¢FMT) (X(1:1) e I=1sN) =
 9ux WRITE(6¢110)
. 995% 110 __ __ FORMAT(' SERIES STORED.') ===
Y6% G0 TO 53
971« 20 WRITF(6111)]I0P
Yax 111 FORMAT(1XsA6¢* IS NOT A RECOGNIZED OPERATOR:TRY AGAIN,')
_99x 60 TON4 = = =
1U0% 51 L=MX
_luls _WRITE(6,112)L
 102% 112 FORMAT(* LENGTH OF SERIES MUST BE LESS THAN's12¢
_103x > * TRY AGAIN.')
T 104x 60 TO 1
_1U5% 52 L=2%MX
1Uex WRITE(6,113)0C
7= 113 FORMAT(* LENGTH OF OUTPUT SERIES MUST BE LESS THAN',IS,
T 108% . " TRY AGAIN.")
_1U09% G0 To 3 .
110x 53 WRITE(6/,11IT)
111% 114 FORMAT(* COMB TERMINATES.’)
T112x CALL EXIT
 113% END

ENU OF COMPILATION:

NO DIAGNOSTICS.
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R«LSRPeJrJ

VOU COMPILED BY 1201 BCS7E ON 03 DEC 70 AT 08:37:28.

N PROGRAM ~

RAGE USED?

COpE(1)

0010123

 ERNAL REFERENCES (BLOCK+ NAME)

DATA{0) 0073263 BLANK COMMON(2) 000000

U3  OPTION
vy REBSOM
US  CSF
V6  EXIT
07 NINTRS ———— =1 e = =
10 WRDUS
11 NIO1$
12 wlo2s
13 NwWOUS
14  SQRT
15 wNSloPs = — PE——
RAGE ASSIGNMENT (BLOCKe TYPEs RELATIVE LOCATION» NAME) =
01~ 0UUD26 1L ~ 0000 006764 100F = 0000 007014 101F - 0000 007022 1
VU 007036 104F 0000 007044 10SF 0000 007052 106F 0000 007062 1
U0 007101 109F 0000 007116 110F 0001 000011 1106 0000 007120 1
U0 0U7141 113F 0000 007156 114F 0000 007160 115F 0000 007174 1
oo V07225 118F 0000 007240 119F 0000 007253 120F 0000 007257 1
U1 000150 1576 0001 000171 1706 0001 000205 1766 0001 000055 2
00 007021 201F 0001 000224 2066 0001 000245 2176~ 0001 000260 2
01  00U4SS 3016 0001 000474 3106 0001 000515 3226 0001 000530 3
01 000551 3436 0001 000553 347G 0001 000574 3566 ~ D001 oo00703 4
01 000723 4276 0001 _ 000741 5iL 0001 000753 S2L 0001 000765 §
U1  001pu2 55L 0000 R 006654 ATA 0000 R 006731 EFOUT 000G R 006717
U0 1 V06736 INDIC  0QUO00 .I 006712 IVAR 0000 I 006725 IS 0000 I 006745
00 I 006792 JK 0000 I 006750 JL 0000 I 0067606 K 0000 I 006751
U0 1 0U6754 LM 0000 I 006733 N 0000 I 006726 NL 0000 I 006746
00 1 0U6730 NV 0000 I 006727 NV1 0003 L 000000 OPTION 0000 R 005670
00 R 006757 SY 0000 R 006744 TL 0000 R 006741 TNU 0000 R 006743 1
00 R 00UOVO X 0000 R 006753 Y 0000 R 006757 YL 00G0 R 006755 Y
Sk —————
2% C TITLE LSRP = LEAST SQUARES MULTIPLE REGRESSION PROGRAM
3* C : WITH PREDICTIONS.
4x C
5% € AUTHOR R«R.SINGERS
6x C
7% C SPONSOR GeR«ANDERSEN __{
8% C
9% C DATE DECEMBER» 1970 = =————
10 C
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11 C KEY WORDS REGRESSION

12 C. LEAST SOQUARES ;

13« C PREDICTIONS

i4x  C x S — ES REGRESSION ‘COEFFTT —
15% C PURPOSE TO COMPUTE THE LEAST SQUARES REGRESSION COEFFICIENTS

16 C AND PREDICTION VALUES WITH UPPER AND LOWER

17%  C PREDICTION LIMITS,

13« C _

19%x  C METHOD THE PROGRAM IS DESIGNED IN AN INTERACTIVE MODE

2ux C ASKING FOR CERTAIN PARAMETERS AND DATA SERIES.

21 C o THE STANDARD BACKWARD REGRESSION TECHNIQUE IS

2% C USED.

25% C

24%  C SUBROUTINES RERSOM = UNIVAC 1108 STAT=PACK BACKWARD

25%  C USED REGRESSION SUBROUTIHNE.

20% (=5

27 ¢ NOTE 1) A DYNAMICALLY ASSIGNED FILE (UNIT 8) 15

28%x ¢ USED TO SAVE THE PREDICTED VALUES AND THE

29 C UPPER AND LOWER PREDICTION LIMITS.

SU*x (o

31x% PARAMETER MXN=500¢MXNP=5

o __PARAMETER MXNP1=MXNP+1 =

35% DIMENSION X(MXN+MXNP1) »R(MXN) » ATA(MXNP +MXNP1) »

S4% - IVAR(MXNP) ¢t FMT (6)

35% LOGICAL OPTION

30% = READ(£¢»200¢,END=53)FMT

7% 200 FORMAT (6A6)

38% IEIOPEIONESNI IS0 T0 ] — - —
39x% WRITE(6+100)

40 100 _ FORMAT(/* LSRP IS A STEPWISE MULTIPLE REGRESSION PROGFAM?
41x% ~ **' WITH PREDICTIONS.'/' THE PREDICTION RESULTS ARE STORED
42 = »* (IF DESIRED) ON UNIT 8.°)

NSy ——1— WRITE(6,101) = == =
Yy x 101 FORMAT(' NUMBER OF OBSERVATIONS?')

5% T T READ(5:201END=S3)NL ==

- 46x% 201 __FORMAT( )

47% IF(NL.GT.MXN)GO TO 51

48% WRITE(6+102)

49x 102 FORMAf(' "NUMBER OF VARIABLES(DEPENDENT AND INDEPENDENT) ?2?
S0x% .

51% 2 ﬁEKD(STEBITEﬁD=53TNV1 — = == =
- D2# NV=NV1+1 :
B3%x T UTIF(NVI.GT.MXNP)IGO YO 82 T T -~

o8 2  NRITE(S:103) = =

o5% 103 FORMAT(* F LEVEL?2")

S6x% READ(5¢201+END=53) EFOUT - e
Y WRITE(6,104)

 58% 104 FORMAT(* DEPENDENT VARIABLE FORMAT?' = —— —
99% READ(5¢200+END=53)FMT

60% = WRITE(60,105) == ————— ==
blx 105 FORMAT(* DEPENDENT VARIABLE DATA:')

b2% READ(5+FMT+END=53) (X(Io+NV) o I=1/NL)

"63% N=NV1=1

oY% - DO '3 L=1/N == ==
65% WRITE(6,106)L

6% 106 FORMAT(* INDEPENDENT VARIABLE'+I2:' FORMAT?') =
67* READ(5+200¢+END=53), MT
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8% WRITE(6s112)L
09 3 READ (5¢FMT/END=53) (X(IsL+1)» IZ1sNL)
10% DO 9 I=1,NL
x99 L X(Is1)=1,
2% CALL REBSOM(X#NL,NV1+MXNsMXNP+EFOUT» VARY+R+ATA» INDIC»IVAR
13% e 1554 555)
T4% SY=SQRT (VARY)
5% NUSNL=INDIC
6% WRITE(6¢,107)NU
1% 107 FORMAT(' T=VALUE FOR NU=',I3,' DEGREES OF FREEDOM?')
/8% KEAD (59201 +END=53) TNU
9% WRITE(6,108)SY
BU* 108 FORMAT(' STANDARD ERROR OF Y':F13.7)
Blx , WRITE(60109)
B2 109 FORMAT(* VARIABLE COEFFICIENT S.De UPPER T LOWE
8% oR T'/' (O=CONSTS)') =
B4 % DO 4 I=1,INDIC
8%  SDC=SY#SQRT(ATA(I.I))
6% TUSATA(IoNV) +TNUxSDC
_81Ix — ~ TL=ATA(IeNV)=TNUxSDC
. BB 11=1-1
L _89% 4 WRITE(6,110)T1»ATACIPNV)9SDCeTUpTL
YU* 110 FORMAT(I10+4E1145)
91 00 _WRITE(6s111)
. 92k 111 FORMAT(* PREDICTION DATA:'/* NUMBER OF PREDICTION VALUES?
.93« o) — ———
Yy £ " READ(5¢201+END=53)NPR
9b% DO 5 I=1.N = — =
Jox WRITE(6¢106)1
9ix = READ(5¢200+END=53)FMT —_— == =
98x% WRITE(6,112)1
Y9x 112  FORMAT(* INDEPENDENT VARIABLE'sI2,' DATA:*)
100% 5 READ (5¢FMT+END=53) (X(Je I+1) 2 J=1/NPR)
1U1% DO 10 J=1+,WPR
102% 10 X(Jel)=1.
v«  WRITE(6,113) e
104% 113 FORMAT (* PREDICTED VALUES:'/' NUMBER PREDICTION UPP
1U5% R T LOWER T') =
106% DO 8 JL=1/NPR
107% DO 6 KL=1sNV
108+ R(KL)=0.
1U9% DO 6 JK=1¢INDIC
110% 6 R(KL)=R(KL)+X(JL, JK) *ATA (JK2KL)
111% Y=0.
112% DO 7 LM=1+INDIC
115% 7 Y=Y+R (LM) %X (JL*LM)
114% T Y=SY*SQRT(1.+Y)
115% - YPR=R (NV) =
116% YUSYPR+TNU*Y
117% YL=YPR=TNU*Y
118* X(JLe1)=YPR
119% X(JLs2)=YL
120% X(JL,3)=YU
121x% 8 WRITE(60114)JLe YPRe YUr YL
122% 114 FORMAT(I7+»3E13.7)
23x% RITE(60115) =
izui 115 gﬂRMAT(/% DO YOU WANT THE PREDICTION VALUES AND LIMITS SA
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125x «VEDIYES/NO)?Y)
126% READ(5¢200+END=53) I
127% IF(I.NE.'YES')GO TO 53
_l28* WRITE(60,116)
129% 116 FORMAT(* CUTPUT FORMAT?2')
130% St o _READ(59200¢END=53) FMT
131% CALL CSF(2¢"RASG,T 8¢F'rJ)
132% e WRITE(B'FMT) ((X(JeK) +J=1/NPR) 1K=1,3)
133% WRITE(6,117)
134% 117 FORMAT(/' SERIES STORED IN FOLLOWING ORDER:'/
135% . ' PREDICTION SERIES/LOWER LIMIT SERIES'UPPER LIMIT SERIES
130% 0o ')
137% GO TO 53
_ 138% 51 ISMXN = = .
139% WRITE(6,118)1
140% 118 FORM,, T(* NUMBER OF OBSERVATIONS MUST BE LESS THAN':IS,
141% . ' TRY AGAING')
142% e _60 TO 1 ===
143% 52 I=MXNP
144 gt WRITE(6:119)1
145% 119 FORMAT(* NUMBER OF VARIABLES MUST BE LESS THAN',IS»
_l46% 2 * TRY AGAIN.') — ——3
147% GO TO 2
148% 53 _WRITE(62120) = ——
149x% 120 FORMAT(* LSRP TERMINATES.') =
150% GALE RN —
151% oy WRITE(6,121)
152% 121 FORMAT(/' *#** ATA MATRIX OF REBSOM SINGULAR ##%!)
153% 60 TO 53
154* 13 _WRITE(6s122)
155% 122 FORMAT (/' *%% NO VARTABLES LEFT IN REGRESSION *#%1)
156% = e Fe———— —— =
157% END ===
‘ENDOF COMPILATION:S ~ ~~~——NO "DIAGNOSTICS: : S
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