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TSA - INSTALLATION INFORMATION

The ISA p rog ram has been written e n t i r e ly  in IBM F o r t r a n  IV
level  G. A l t h o u g h  the v e r s i o n  in use at Clemson U n i v e r s i t y  —

was compi led  w i th  the  Gi compi le r , the program does not
u t i l i z e  any  of the e x t e n s i o n s  o f f e r e d  by G i .

The reg ion  r e q u i r e d  by ISA is a p p r o x i m a t e ly  259k . This
f i g u r e  i n c l u d e s  the p r o p r i e t a r y  IBM F o r t r a n  L i b r a r y  and
Tek t ron ix  so f tware  (w h i c h  are  not d i s t r i b u t e d  wi th  the TSA
source p r o g r a m ) .

If the program is not  r u n  on an IBM 360 or 370 , i t  may  be
n e c e s s a r y  to m o d i f y  s u b r o u t i n e  TRNSLT , the command p a r s i n g
modu le , s ince  i t  makes  use of the i n t e r n a l  r e p r e s e n t a t i o n  of
n u m b e r s  and c h a r a c t e r s .

D i s t r i b u t e d  wi th  the package are two rou t ine s  which  w i l l  be
of he lp  to i n s t a l l a t i o n s  w h i c h  will be runn ing the prog ram
unde r  TSO. One is a command l is t  (w h i c h  should  be placed in
the t- omr n and l i s t  l i b r a r y ) . This command l ist  a l loca tes  a l l
of the f i l e s  n e c e s s a r y  for  TSA. The second r o u t i n e  is an
Assemble r  l a n g u a g e  m o d u l e  w h i c h  p e r f o r m s  the same f u n c t i o n
as the command l is t , bu t  is more e f f i c i e n t .  If used , t h i s
should  be assembled and p1 -iced in the system comman d
l i b r a r y .  The ca ta loged  p rocedure  for  r u n n i n g  the p rogram in
b a t c h  is also available.

Speci f ic  r e f e r e n c e  is made in the TSA manual to the Clemson
Editor and Source Management System . Since this system L5
not  yet  a v a i l a b l e  at o ther  i n s t a l l a t i o n s, the  user  shou ld
employ the  l o c a l l y  a v a i l a b l e  e d i t o r .  The R E P R O  command ,
w h i c h  is a lso  m e n t i o n e d , is pa r t  of the HASP/ISO I n t e r f a c e
P a c k a g e .  If t h i s  is not  a v a i l a b l e , a n y  u t i l i t y  to reproduce
a da ta  set on ’a l i n e  p r i n t e r  may  be used .

The program l i s t i n g  is l i b e r a l l y  anno ta t ed  w i th  comments .
Each  s u b r o u t i n e  is p re faced  w i t h  me thodo logy  comments  as
wel l  as r e f e r e n c e s  the  the l i t e r a t u r e , w h e r e  a p p r o p r i a t e .
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SECTION I

INTR ODUCTION TO TSA

TSA ( T i m e  Ser ies  A n a l y s i s )  is an i n t e r a c t i v e  compu te r  p r o g r a m  d e s i g n e d
to i m p l e m e n t  B o x — J e n k i n s  a n a l y s i s  of u n i v a r i a t e  t i m e  se r ies  w h i c h  a re
s t a t i o n a r y  or can be m a d e  s t a t i o n a ry  w i t h  an a p p r o p r i a t e  t r a n s f o r m a t i o n .
Besides  p e r f o r m i n g  c o m p u t a t i o n s  and p r o v i d i n g  p lo ts  w h i c h  a id  in mode l
i d e n t i f i c a t i o n , p a r a m e t e r  e s t i m a t i o n , d i a g n o s t i c  c h e c k i n g ,  and forecas t -
ing of a c t u a l  d a t a , the p rog ram c o n t a i n s  t r a i n i n g  m o d u l e s  w h i c h  f a c i l i -
t a t e  the d e v e l o p e m e n t  of user u n d e r s t a n d i n g  and i n t u i t i o n .  S u c c e s s f u l
a n a l y s i s  of t i m e  ser ies  da ta  is a n a l og o u s  to f i n g e r p r i n t  i d e n t i f i c a t i o n .
One has  a l a r g e( i n f i n i t e)  f i l e  of model or t h e o re t i c a l  f i n g e r p r i n t s .
There is a o n e — t o — o n e  c o r r e s p o n d e n c e  be tween  t h e or e t i c a l  f i n g e r p r i n t s
and A R I M A  m o d e l s .  Observed f i n g e rp r i n t s  ( s a m p l e  s t a t i s t i cs)  a re
“smudged” due to stochastic noise . The user , by looking at sample
f i n g e r p r i n t s , se lec ts  a “ suspec t”  model based on h i s  u n d e r s t a n d i n g  of
the u n d e r l y i n g  t heo ry  and the r e l a t i o n s  between sample  and t h e o r e t i c a l
f i n g e r p r i n t s .  Then the  processes of e s t i m a t i o n  and d i a g n o s t i c  c h e c k i n g
are  p e r f o r m e d . D i a g n o s t i c  c h e c k i n g  m a y  r e q u i r e  a d d i t i o n a l  r e f e r e n c e  to
the f i l e  of t h e o r e t i c a l  f i n g e r p r i n t s .  TSA f a c i l i ta t e s  the l e a r n i n g  of
t h i s  a n a l y t i c  “ a r t”  by p r o v i d i n g :

( 1 )  A t h e o r e t i c a l  f i n g e r p r i n t  g e n e r a t o r :  For any  s p e c i f i e d  A R I M A  mo-
del , the user can generate such theoretical fingerprints as the theoret-
ical autocorrelation function , the theoret ic al par ti al a u t o c or r ela ti on
f u n c t i o n , the t h e o r e t i c a l  i nve r se  a u t o c o r r e l a t i o n  f un c t i o n , the t heo re t -
ica l  i n v e r s e  p a r t i a l  a u t o c o r r e la t i o n  f u nc t i o n , and the f o r e c a s t  f un c t i o n
(t h e  user s u pp l i e s  s t a r t i n g  v a l u e s  for  the  fo r ecas t  f u n c t i o n ) .  W h i l e  i t
is e s s e n t i a l  for  the user to u n d e r s t a n d  g e n e r a l  p r o p e r t i e s  of  m o d e l s
( e . g .  “ ... p a r t i a l  a u t o c o r r e l a t i o n  f u n c t i o n  ... is d o m i n a t e d  by damped
e x p o n e n t i a l s  a n d / o r  damped  s ine  w a v e s . ” B/J p . 7 3 )  i t  is q u i t e  t e d i o u s  to
e x h i b i t  such  p r op e r t i e s  by hand  for  mode l s  of even  m o d e r a t e  o rde r . T h i s
a u t o m a t i c  f e a t u r e  of TSA a l l ows  users  to v i e w  a w i d e  v a r i e t y  of model
f i n g e r p r i n t s , o b s e r v e  the  e f f e c t s  of v a r y i n g  model  p a r a m e t e r s , and com-
p a r e  t h e o r e t i c a l  and s a m p l e  f i n g e r p r i n t s .

( 2 )  An i n t e r n a l  d a t a  g e n e r a t o r :  The user  can g e n e r a t e  d a t a  f rom a ny
s p e c i f i e d  A R I M A  mode l , e x a m i n e  i t s  pa th  f u n c t i o n  and s amp le  f i n g e r -
p r i n t s , p roceed  w i t h  mode l  i d e n t i f i c a t i o n , e s t i m a t i o n , d i a g n o s t i c  c h e c k —
i n g ,  f o r e c a s t i n g , e t c . ,  so as to p r o v i d e  i n t u i t i o n  t r a i n i n g  e x p e r i e n c e s .

- ISA p r o v i d e s  g r a p h i c  c a p a b i l i t ie s  when r u n  f rom a T e k t r o n i x  t e r m i n a l .
When r u n  f rom a n y  CR1 t e r m i n a l , r e s u l t s  can be s tored  for  s u b s eq u e n t
h a r d c o p y  o u tp u t .  A b a t c h  p r o c e s s i n g  f e a t u r e  is included for use r s  wi th -
out interactive capability.
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SECTION II

COMMAND STRUCTURE AND FILE MANAGEMENT SYSTEM

2. 1 C A L L I N G  S E Q U E N C E

A f t e r  l ogg ing  on and r e c e i v i n g  the ‘ R E A D Y ’ f rom the compute r , type  the
l i ne

ISA I N ( ’ u s e r i d . d a ta ’ )

R e q u i r e d : TSA
O p t i o n a l :  I N ( ’ u s e r i d . d a t a ’ )

Th i s  a u t o m a t i c a l ly  a l l o c a t e s  the da ta  f i l e  ca l l ed
‘ u s e r i d . d a t a ’ to log ica l  u n i t  8 , where  ‘ u s e r i d . d a t a ’ is a
p r e v i o u s l y  c rea t ed  da ta  set as descr ibed  in the sec t ion  on
I n p u t .

W A R N I N G :  C a l l i n g  TSA de le tes  da ta  sets ‘ u s e r i d . t s a . b o u t ’  and
‘ u s e r i d . t s a .s c r a t c h ’ . (see  sect ion on O u t p u t )

2 . 2  COMMAND S T R U C T U R E

T h r o u g h o u t  t h i s  d o c u m e n t a t i o n , command k e y w o r d s  a r e  shown in U P P E R C A S E
except  when used in b o x e d — i n  e x a m p l e s  where  user s up p l i e d  commands  ap-
pear in l o w e r c a s e  to p r o v i d e  c o n t r a s t  from compute r  o u t p u t .  Some con-
v e n t i o n s  r e g a r d i n g  c o m m a n d s  shou ld  be u n d e r s t o o d :

1. A command  l i n e  is r e s t r i c t e d  to 72 c h a r a c t e r s .

2. At l eas t  one space mus t  s epa ra t e  command  k e y w o r d s  and  n u m b e r s
excep t  when s p e c i f y i ng  a r a n g e  ( e . g .  Z 4 _ 1 2 ) .

3. More t h a n  one command may  appear  on a s i n g l e  l i n e  p r o v i d e d  the
commands  a r e  s e p a r a t e d  w i t h  an ‘& ‘  . For e x a m p l e :

COMM 1 & COMM 2

_
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2 .3 ENDIN G A ISA SESSION

To end a TSA session , type STOP

2.14 FILE MANAGEMENT SYSTEM

TSA uses five internal files for handling data . It is convenient to im-
agine a ‘pointer ’ which moves from file to file by either program or
user control. The file on which the pointer resides at any point in
time is called the ‘current working file ’ . The f ive f il es are:

File 1 : contains original , generate d , tr a n s forme d ,
or filtered data.

Fi l e  2: c o n t a i n s  r e su l t s  of d i f f e r e n c i ng
c u r r e n t  w o r k i n g  f i l e .

File 3: c o n t a i n s  t h e o r e t i c a l  r e s u l t s .
File R: contains residuals after estimating

parameters.
File 5: current working file is saved

here for sub se quent retr ieva l when
the cu r r en t work in g f ile is t r a n s f o r m e d
or filtered .

2.5 POINTER SHIFTS

Automat ic : The po inter is se t to F i l e  2 w hen any di f ferenc ing comm and
( D I F F )  is e x e c u t e d . It is set to F i l e  R when the est imat ion comm and
( ESTM ) is e x e c u t e d . User  C o n t r o l l e d : To shift the pointer to Files 1 ,
2 , or 3, the  command  i s :

RES X w h e r e  X 1 , 2 , or 3

To s h i f t  the p o i n t e r  to the residuals , Fi le R , the command is

RESID

Note: If RESID i s ex ec ute d whi le the po inter is alrea dy set on Fi le R ,
the residuals will be copied into File 2 so they may be modeled . The
pointer will also be set to File 2.

To restore data to File 1 from File S, the command is:

DATA

This command will result in the pointer being set to File 1 also .

— 3 —  
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SE CTION III

INPUT

3.1 CREATING A DATA FILE (EXTERNAL TO TSA)

While in the ‘ READY ’  mode , invoke the Clemson Ed itor and proceed as
shown (A complete session is shown below. Computer prompts are CAPITAL-
IZED. Carriage return is shown as a ‘C’) The first line of the created
file must indicate the format for each subsequent line of data .

+ +

I I
I READY I
I ce .data nori um C I

— I ED 1008 — NEW MEMBER I
I C I
I INPUT I
I 00010 (3f6.2) C I
I 00020 7 .63  ~4.02 6.68 C I
I 00030 _L I .15 2 .17 12.71 C I
I OOO~4O C I
I EDIT I
I save  C I
I E D I T  I
l end C I
I R E A D Y  I
I I
I I
+ +

T h i s  sequence  of e d i t  commands permanently saves the created data set
ca l l ed  .da t a  in the  user ’ s SMS l i b r a r y  ( t h e  socalled  M a g i c  library).
Since this type of file cannot be accessed directly, an additional step
must be done during the above EDIT sequence or at a later time. To
create a TSA accessible file called ‘user id .d ata ’ simply insert the corn—
mand

SAVE DA TA

prior to issuing the END command . This saves a t e m p o r a r y  (148 hour ) copy
of your data set which is ISA readable. This can also be done at a la—
ter time by invoking the Clemson Editor as follows :

_  _ _  _ __ _ _ _
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+ — +

I I
I READY I
I ce .data nonum C I
I EDIT I
I save data C I

- ‘ I EDIT I
I end C I
I READY I
I I
+ +

3. 2 READING DATA

Reading a previously created file off disk is accomplished by naming the
file in the TSA IN(userid.data) calling sequence and then executing the
following READ command :

R E A D  N DI SK

where N is the number of observations (max 325) to be read . The program
will prompt the user for a title. A data set can also be created at the
terminal using a READ command:

READ N TERM

The first line following this command must indicate the format as in the
example of 3 .1 , above. Data is then entered from the terminal using the
specified format. The program will prompt the user for a title.

- 
3.3 GENERATIN G DATA

In order to generate data , a model must previously have been defined and
initialized (see section on Model Building). Given the initialized mo-
del , the command to generate data has the form :

GEN X VAR Y

Required : GEN
Optional: X Number of observations (default is 150)

4 VA R Y Variance of white noise (default is 1).
If included , X must be specified.

- 5 —



SE CTION IV

O UT P UT

~4.  1 W R I T I N G  DATA TO DISK

The current data file may be output to the file ‘userid.ts a .scratch ’ by
using the command :

WRITE I J K L M

Required : WRITE
Optional: I J K L M

are integers between 0 and 5. Inclusion results
in the lagged data file being written in addi-
tion to the current data file.

The program will prompt the user for a Fortran format for the output.
Use F ,G or E format codes only. An example follows .

+ +
I I
I COMMAND ? I
I write 1 2 I
I ENTER OUTPUT FORMAT I
I (3f10.6) I
I I
I I
+ +

The results in the current working file , the lag 1 , and the lag 2 of
that file are output in the following format:

z ( 1 )  — —  — —

z(2) z(1) ——
z(3) z(2) z(1)

z ( t )  z ( t — 1 )  z ( t — 2 )

— 6 —



14.2 OBTAINING HARD COPY OF CR1 DISPLAY

To build a file of CR1 disp lays for subsequent hardcopy output , the corn— 
-

mand is

BOUT

This causes all CRT displays to be written to the file ‘ userid.tsa.bout ’
until such time as the user issues the command

TOUT

which terminates the background output. The BOUT and TOUT commands can
be used repeatedly during a single session. Output is cumulative.

WARNING: Bo th output files (i.e. ‘userid.tsa.bout’ and
‘userid.tsa.scratch’ ) are destroyed when TSA is called . The user should
r e n a m e  these  f i l e s  if he wishes them to be saved . Hardcopy of these
f i l es ca n be obtained externally to TSA by using the REPRO command .

I

_  _ _  _____________
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SE CTION V

TRAN SFORMATIONS

5. 1 DIFFERENCING

The series that is differenced is the current working data file. There
are two types of differences performed by the program .

5 . 1 . 1  R e g u l a r

The first regular difference of a series z(t) is z(t)— z(t—1 ) or , in op—
erator notation , (1—B)z(t). To perfo rm this difference the command is

DIFF REG 1

In genera l , a regular difference may be of the type ((1_B)**X)z(t) ,
where X is an integer greater than or equal to 1. The command in general
is

DIFF REG X

5.1.2 Seasonal

The first seasonal difference of order 12 of a series is z(t)— z(t—12) or
in operator notation (1_B**12)z(t). To perform this difference the corn—
mand is

DIFF SEAS 1 ORD 12

We may  wish  a h i g h e r  d i f f e r e n c e  of order  12 , that is , we ma y wish to ap—
p l y  the  difference ((1_B**12)ft*Y ) where Y is an i n t e g e r  g r e a t e r  t han  or
equal  to 1. The command to be used is

D I F F  SEAS Y O R D  12

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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If we wanted an order other than 12 , the general seasonal difference is
((1_B**Z)**Y) , where Z is greater than 1. Z~~1 would mean that we are
taking a regular difference. The general command for a s ea sona l  d i f f e r -
ence is

DIFF SEAS Y ORD Z

The regular and seasonal differences can be combined in a single command
such as

DIFF RE G X SEAS Y ORD Z

The differer iced data are stored in file 2 of the program and file 2 be-
comes the current working data file.

5. 2 POWE R , LOG , OR EXP ONENTIAL TRAN SFORMATI ONS

5.2.1 Power

Here we want to perform the transformation (z(t)+Y)**X. The appropri —
cte command is

TRAN X Y

Re qu i re d : T R A N  X
where X is the power to which z(t) is raised . If X
is no t  an i n t e g e r , the  da t a  m u s t  be non n e g a t i v e .

O p t i o n a l :  Y
w h e r e  Y is an a d d i t i v e  c o n s t a n t .  If omitted , the
d e f a u l t  v a l u e  is 0.

5.2.2 Log

The transformation performed is LOG(z(t)+Y ), where log is taken base 10.
Naturally, to use this transformation , all of the data must be positive.
The c o m m a n d  to use is

TRAN LOG Y

Required : IRAN LOG
Optional: Y where Y is an additive constant.

If omitted , the default . value is 0.
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5 .2 . 3  E x p o n e n t i a l

The t r a n s f o r m a t i o n  pe r fo rmed  is 10 * *( z ( t ) + Y ) .  Here e x t r e m e  c a u t i o n  mus t
so tha t the values do not exceed Fortran limits. The command to use is

IRAN EXP Y

Re quired : IRAN EX?
Optional: Y where Y is an additive constant.

If omitted , the default value is 0.

5.3 AUTOREGRE SSIVE , POLYNOMIAL , OR SINE FILTERS

5.3. 1 Autoregressive

The filter being used is z(t) — A 1* z(t_1) — A2*z(t_2) — ... — An’z(t—n) ,

where n is any integer between 1 and 20, and the A ’ s are real constants.
The command to be used is

FILT AR A l A 2 . .. An

For exam p le , to apply the filter z(t)_ .5*z(t_ 1) , the command is

FILT AR .5

5.3.2 Polynomial

The f i l t e r  be ing  used is

z ( t )  — A0 — A 1~~t — A2*t **2  — . .. — An *t * * n ,

w h e r e  n is an i n t e g e r  be tween  1 and  19 ,  and the A ’ s a re  real  c o n s t a n t s .
Care  should  be t aken  not  to exceed F or t r an  l i m i t s  on the da t a  v a l u e s .
The command to be used is

FILl POLY AO A l  A2 ... An

For e x a m p l e , to a p p l y  the  f i l t e r z ( t ) — ~I+t  the command is

FILT POLY 14 -1

3 
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5.3.3 Sine

The f i l t e r ’  b e i n g  used is z ( t ) _ A 1 * s i n ( A 2 * t + A 3 ) ,  w h e r e  A l , A2 , and A3 a r e
rea l  c o n s t a n t s .  The command  is

FILT SIN Al A2 A 3

There are no default values , so that Al , A2 and A 3 all have to be en—
tered .

5.14 CHANGING THE TIME SPAN

In some instances , the user may wish to use only a portion of the data
fo r  c a l c u l a t i o n .  To set the  l i m i t s  on the d a t a  to be used , the  f o l l o w i n g
command is used .

T I M E  X-Y

X — Y is  the  i n t e r v a l  of t i m e  over  w h i c h  to r e s t r i c t  the  d a t a  (eg .
14 5 _ 16 14 ) .  The user may again use the whole series by entering another
TI~~E command , s p e c i f y i n g  the or i g i n a l  l i m i t s  of’ t he  t i m e  se r i es .

5.5 C H A N G I N G  TH E TITLE

To c h a n g e  the  t i~ .le  of the  da ta , the  command is
- T I T L E

The n e x t  l i n e  entered should contain the new title of from 1 to 72 char—
a c t e r s .

- —  - ‘ ~~~~~~-- -- - - -~~~~ ~~~
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SE CTION VI

BUILDING A MODEL

6. 1 MODEL STRU CTURE

A model  is d e f i n e d  by s p e c i fy i n g  the o r d e r s  of each  c o e f f i c i en t  of the
AR and MA b a ck s h i f t  o p e r a t o r s  w h i c h  a r e  no t  c o n s t r a i n e d  to be zero . A
p a r a m e t e r  ‘t y p e ’ and i ts ‘o rde r ’ are  s p e c i f i e d  for  each n o n — z e r o  c o e f f i —
c i e nt  in the following format

MODEL 11 01 T2 02 ... Tn On REG X SEAS Y O R D  Z

R e q u i r e d : MODEL
i f  no a d d i t i o n a l  p a r a m e t e r s  a r e  e n t e r e d , the p r o g r a m
w i l l  s i m p l y  p r i n t  ou t  the  las t  model  sp e c i f i e d .

O p t i o n a l :  T I  0 1 12 02 ... Tm On
n is the number of parameters entered . n may be zero
if no p a r a m e t e r s  a re  desired . Il , 12, .. . Tn are  the
parameter types. They must be one of the following

AR re gular autore g ress i v e
SAR seasonal autoregressive
SARA auxiliary seasonal autoregressive
SARB auxiliary seasonal autoregressive
MA regular moving average
SMA s ea sona l  m o v i n g  a v e r a g e
SMAA a u x i l i a r y  s ea sona l  m o v i n g  a v e r a g e
SMAB a u x i l i a r y  s easona l  m o v i n g  a v e r a g e  —

DT deterministic trend
These parameters must be entered in the order listed .
Parameter types not desired need not be included .
01 , 02 , . .. On are the parameter orders. These are
integers greater than zero and refer to the powe r of
the backshift operator B with which the parameter is
associated . No order is to be entered for the param—
ter t ype DT. For like parameter types the or d ers must
be in ascending order .

RE G X
indicates that x regular differences are to be in-
c l u d e d  in the m o d e l .  It is a p p r op r i a t e  o n l y  wh en a
model  is s p e c i f i e d  to g e n e r a t e  d a t a  or t h e o r e t i c a l
r e s u l t s .

SEAS Y O R D  Z
indicates that Y seasonal differences of order Z are
to be includ ed in the model . It is a p p r o p r i a t e  o n l y
when a model is specified to generate data or theor—
etical results .

-
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The following examples illustrate the use of the MODEL command .

1. A s t a t i o n a r y  A R ( 2 )  model . The command is

MODEL A R 1  A R 2

Note  t h a t  a l l  of the  p a r a m e t e r s  des i red  in the  model  m u s t  be
e n t e r e d . It is no t  s u f f i c i e n t  j u s t  to s p e c i f y  an A R 2  pa rame-
ter . Also  no te  t h a t  parameters of’ the  sam e type  are en t e r ed  so
t h a t  t h e i r  o r d e r s  are  a s c e n d i n g .  It would  h a v e  been i n v a l i d  to
en te r  the model  by MODEL A R 2  A R 1 .

2. A s t a t i o n a r y  A R M A ( 2 , 2) model w i t h  a d e t e r m i n i s t i c  t r e n d . The
command is

MODEL AR 1 AR 2 MA 1 MA 2 DI

Note that AR parameters are entered before MA parameters and
t h a t  each  is e n t e r e d  in a s c e n d i n g  order . DI , t h e  p a r a m e t e r  for
the d e t e r m i n i s t i c  t r end , is the  l as t  p a r a m e t e r  e n t e r e d  and has
no o rde r .

. A d e t e r m i n i s t i c  t r end  wi th  2 r e g u l a r  d i f f e r e n c e s .  The command
is

• MODEL DI RE G 2

The d i f f e r e n c e  goes a f t e r  a n y  p a r a m e t e r s  t h a t  a r e  en te red . No
o rde r  is e n t e r e d  w i t h  the DT p a r a m e t e r .  The model  is n o n — s t a -
t i o n a r y  and the  user w i l l  be so adv i sed .

14~ A s t a t i o n a r y  seasona l  model ( 1 , O , l ) X ( 1 , O , 0) of o rde r  6.  The
command  is

~1ODEL A R 1  S A R 6  M A 1

SAR represents a seasona l autore g ressiv e par ameter an d the
o r d e r  is s i x .  Th i s  p a r a m e t e r  is en t e r ed  a f t e r  a n y  r e g u l a r  au-
tore g ress i ve parameters but before a n y  m o v i n g  average  parame-
ter s.

5. An MA (1) process with a seasonal difference of order 12. The
command is

MODEL MA 1 SEAS 1 ORD 12

Again , the difference is entered after any parameters.

I

— 13 —
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6. 2 INITIALIZATI ON
Before  i n i t i a l i z i n g  model  p a r a m a t e r s  can be g i v e n , a MODEL command  m u s t
have  been used to d e f i n e  the model . To supp ly  the i n i t i a l  v a l u e s , the
command  is

I N I T  I i  12 . . . In

R e q u i r e d : I N I T
O p t i o n a l :  I i  . . . In

n is the  n u m b e r  of model  p a r a m e t e r s  w h i c h  r e q u i r e
i n i t i a l i z a t i o n  and I i  . . . In are  user  s up p l i e d  va-
lues en t e r ed  in the same order  as the model  param-
e te rs  were  e n t e r e d . If o m i t t e d , the  p r o g r a m  w i l l
a u t o m a t i c a l l y  e s t ima t e  i n i t i a l  v a l u e s  by s o l v i n g
lagged Y u l e — W a l k e r  e q u a t i o n s  f rom the a u t o c o r r e l a —
t ion  and i n v e r s e  a u t o c o r r e l a t i o n  f u n c t i o n s  fo r  AR
and MA p a r a m e t e r s , r e s p e c t i v e l y .

+ +
I I
I C O M M A N D  ? I
I m i t  .6 — . ‘4 I
i I
I P A R A M E T E R  I N I T I A L I Z A T I O N  I
I AR 1 0 .600 I
I AR 2 — 0 . 1 4 0 0  I
I I
+ +

6 . 3  A D D I N G  A N D  D E L E T I N G  P A R A M E T E R S

In order  to avo id  r e s p e c i f y i n g  an e n t i r e  model  and p r o v i d i n g  i n i t i a l  va-
lues , s i n g l e  p a r a m e t e r s  can  be added or de l e t ed  d u r i n g  the  d i a g no s t i c
i t e r a t i o n  p roces s .  The c o m m a n d  is

A D D T O V

R e q u i r e d : ADD T 0 T is the  p a r a m e t e r  t ype  and 0 i t s  o rde r .
O p t i o n a l :  V

V is the  i n i t i a l  v a l u e . If o m i t t e d , t he  p r o g r a m
w i l l  compute  new i n i t i a l  v a l u e s  fo r  a l l  p a r a m e —
te r s  in the  model .

To de l e t e  a s i n g l e  parameter , t he comman d Is

D E L T O  —

New i n i t i a l  v a l u e s  a r e  c o m p u t e d  and p r i n t e d  for  r e m a i n i n g  paramete rs.

— 114 —
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SECTION V II

ESTIMATING MODEL PA RAMETERS

7.1 LEA ST— SQUARES ESTIMATES FOR THE PARAMETERS

Given a model with at least one parameter and initial value s for the
p a r a m e t e r s , t h i s  o p t i o r  f i n d s  the  l e a s t — s q u a r e s  e s t i m a t e s  of the  p~ r a m e —
t e r s  based  on the current working file. Having already initialized the
model  p a r a m e t e r s , t he  c o m m a n d  is

ESTM U S I N G  X — Y

R e q u i r e d : ESTM
Op t i o n a l :  U S I N G  X — Y

I f incl uded , o n l y  z ( X )  t h r o u g h  z ( Y )  a re  used i n
the  e s t i m a t i o n  r o u t i n e .  If o m i t t e d , the  e n t i r e
c u r r e n t  w o r k i n g  f i l e  is used .

The program prints out the number of iterations until convergence and ar
e s t i m a t e  of S2 , the  v a r i a n c e  of the  w h i t e  no i se  p rocess .  In a d d i t i o n ,
the  p a r a m e t e r  e s t i m a t e s , 95~ c o n f i d e n c e  l i m i t s  on these  e s t i ma t e s  and
the  c o r r e l a t i o n  m a t r i x  of the  e s t i m a t e s  a r e  p r i n t e d .

The c u r r e n t  w o r k i n g  f i l e  is set to the r e s i d u a l s  automatically following
the e s t i m a t i o n .  Be f o r e  p r o g r a m  s u p p l i e d  i n i t i a l  e s t i m a t e s  or l e a s t
s q u a r e s  e s t i m a t e s a r e  c a l c u l a t e d  a g a i n , the c u r r e n t  w o r k i n g  f i l e  sho u l d
be re set. . 
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I I
I I
I COMMAND ? I
I es tm I •

I I
I G E N E R A T E D  DATA I
I M E A N  0 .0000  STD E R R  0 .0776  I
I 200 OBSERVATI ONS BEGINNIN G AT TIME 1 I
I I
I ESTIMATION OF PARAMETERS I
I N U M B E R  Of’ I T E R A T I O N S  2 I
I SUM OF S Q U A R E D  E R R O R S  165 . 6281 I
I ESTIMATE OF S2 0 .8 ’4 50 I
I I
I PARAMETER ESTIMATED VALUE LOWER CONE VALUE UPPER CONF VALUE
I AR 1 0.522 0.396 0.647 I
I AR 2 — 0 . 4 3 5  — 0 . 5 6 0  — 0 . 3 1 0  I
I I
I CORRE LATION MATRIX I
I AR 1 AR 2 I
I AR 1 1 .000 I
I AR 2 —0 . 358 1 .000 I
I I
I I
+ +

7 . 2  R E S I D U A L  SS AT A G I V E N  POINT I~ THE P A R A M E T E R  SPACE

It is often desirable to investigate the behavior of the error sum of
squares in the vicinity of the least squares estimates to see how sensi-
t i v e  the  model  is to sm all changes in parameter value s. The user pro-
vides parameter values of interest through the INIT command , sets t he
pointer to the desired file , and the issues the comman d

TEST

+ +
I I
I C O M M A N D  ? I ‘

I test I
I I
I 1 99 RESIDUAL S CAL CULATED BEGINNING AT TIME 2 I
I SUM OF SQUARED ERRORS IS 206.3288 I
I ESTIMATE OF S2 IS 1.0 14 21 I

I
I I I
1
+ +

IL - ~~~~~~~ 11V ~~~~~~~~~~~~~~~~~~~~~~
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S E C T I O N  V I I I

• DI SPLAYING DATA FINGERPRINTS

8. 1 THE DATA ITSELF

There are three methods of displaying the current working file. All
t h r e e  m e t h o d s  m a y  be used w h e t h e r  the  f i l e  is t h e  o r i g i n a l  s e r i e s , d i f —
ferenced series , residuals , etc .

8.1.1 Plot

To obtain a plot of the data , the command is

PLOT R A N G E  S

R e q u i r e d : PLOT
Optional : RANGE

If omitted , all the data will be plotted . If of the
form X. where X is an integer , z(1) through z(X) will

~e- plotted . If of tr~e form X— Y , where X<Y and both
are integers , z(X) through z(Y) will he plotted .

s P r o ~i ice s  a sol ~d (bar) plot.

8.1.2 List

To obtain a listing of thr~ data , the command is

LIST RANGE

RANGE is optional and is defined above. Nine items are listed per line.

8.1.3 Graph
To obtain a graph of the data , the command is

GRP I-1 RANGE

The s y n t a x  is i d e n t i c a l  to t h a t  of LIST a b o v e .  T h i s  o p t i o n  is  a v a i l a b l e
o n ly  when  r u n n i n g  in  t h e  i n t e r a c t i v e  mode  on a T e k t r o n i x  t e r m i n a l .

— 17 — V
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I
I I
I COMMAND ? I
I l i s t  1 0 — 1 6  I
I I
I G E N E R A T E D  DATA I
I M E A N  = 0.0000 SID E R R  0 . 1307  I
I 200 OBSERVATIO NS BEG INNING AT TIME 1 I
I DATA L I S T I N G  I
I I
I VALUES A R E  TIMES 10 ** 14 I
I 10— 16: — 1435 2 14257 10198 1127 1 19762 29959 33062 I

- I I
I I
+ +

8 . 2  SAM PLE A U T O C O R R E L A T I O N  F U N C T I O N  ( SACF )

The SACF of a n y  w o r k i n g  f i l e  m a y  be d i s p l a y e d . There  is no command to
calculate the SACF. Enough lags are automatically calculated prior to
d i s p l a y i n g .  There are  th ree  m e t h o d s  of d i s p l ay i n g  the SACF and t hey  w i l l
be desc r ibed  s e p a r a t e l y .

8.2.1 Plot

To o b t a i n  a p lot  of the  SACF the  command is

PLOT SACF R A N G E  E
R e q u i r e d : PLOT SACF
Opt ional : RAN GE

If omitted only the lag 1 sample autocorrelation will
be plotted. If of the form X , t he f irst X lag SA CE’ s
will be p lotte d . If of the form X — Y , SACF’s of lag s
X t h rough Y , inclusive , will be plotted .

E
If omitted , the SACE will appear as solid bars. If’
included , the SACF will appear as X ’s wi th 2 sigma
bounds appearing as U’ s and L’ s . - -

• 1
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8.2.2 List

To obtain a listing of the SACF the command is

LIST SACF RANGE

RANGE is defined above. Nine lags are listed per line . The standard er-
rors of’ the SACF are listed also .

8. 2.3 G r a p h

To obtain a graph of the SACF the command is

GRPH SACF RANGE

RANGE is defined above. Plus and minus 2 standard errors of the SACF are
automatically graphed also . This option is available only when runnin g
in the interactive mode on a Tektronix terminal .

+ +

I I
I COMMAND ? I
I plot sacf 6 e I
I
I GENERATED DATA I
I MEAN 0.0000 STD ERR 0.1307 I
I 200 OBSERVATIONS BEGINNI NG AT TIME 1 I
I SAMPLE AUTO—CORRELATION FUNCTION I
I I
I —1.000 -0.600 —0.200 0.200 0.600 1.000 I
I I I I I I I I
I 1 : L I U X 0.8214 I
I 2 :  L I U X 0.707 1
I 3 :  L I U X 0.6 3 0 1
I 4 :  L I U X O.55’4
I 5 :  L I U X 0.1491 I
I 6 :  L I U X  0.1403 I
I PLOT C O M P L E T E D  I
I I
+ +

8 .3  SAMPLE PARTIAL AL J T OCORRELAT I ON FUN CTI ON (SPA C)

The SPAC of any workin g file may be displayed . There is no command to
V 

calculated the SPAC. Enough lags a r e  a u t o m a t i c a l l y  c a l c u l a t e d  p r i o r  ¶ ‘
d i s p l a y i n g .  The re  a r e  t h r e e  m e t h o d s  of d i s p l a y i n g  the  SPAC and  t h e y  w i l l
be d e s c r i b e d  s ep a r a t e l y .

— 19 —
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8.3.1 Plot

To obtain a plot of the SPA C the command is

PLOT SPAC RANGE
Re quired : PLOT SPAC
Op t i o n a l : R A N G E

If omitted , only the lag 1 sample partial autocorre—
lation will be plotted . If of the form X , the  f irs t X
lag SP A C ’ s w i l l  be p lo t t ed . If of the  form X—Y ,
S P A C ’ S of lags  X t h r o u g h  Y , i n c l u s i v e , w ill be plot-
ted .

8.3.2 List

To obtain a listing of the SPAC the command is

LIST SPA C RANGE

RANGE is defined above. Nine lags are listed per line.

8.3.3 Graph

To o b t a i n  a g r a p h  of the  SPAC the  command is

G R P H  SPA C R A N G E

R A N G E  is d e f i n e d  a b o v e .  This option is available only when running in
the i n t e r a c t i v e  mode  on a T e k t r o n i x  t e r m i n a l .

+ +
I I
I COM I ’I A N D  ? I
I l i s t  spac 7 1
I I
I G E N E P V A T E D  DATA I
I M E A N  0 . 0 0 0 0  STD E R R  = 0 .1307  T
I 200 OBSERVATI ONS BE G INNIN G AT TIME 1 I
I SAMPLE P A R T I A L  AUTO — CO R R F U N C T I O N  I
I I

V I 1— 7: 0.82 14 0 .0 88 0 . 0 8 2  — 0 . 00 14 0 . 0 1 6  — 0 . 1 0 0  0 . 0 6 2  I
I I
I I
+ +
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8 .4  S A M P L E  ~ ,.~~E P S E  A U T 0 0 0 R R E L A T I O N  F U N C T I O N  ( S I A C )

The SIAC of any working file may be displayed. There is no comm ani t-
c a l c u l a t e d  the  S I A C .  E n o u g h  l ags  a r e  a u t o m a t i c a l l y  c a l c u l at e d  p r i o r  to
d i s p l a y i n g .  The re  a r e  t h r e e  m e t h o d s  of d i s p l a y i n g  the  S I A C  an d  they w i l l
b e d e s c r i b e d  s e p a r a t e l y .

8. 4 . 1 P l o t

To o b t a i n  a p lo t -  of t h e  S I A C  t h e  c o m m a n d  is

PLOT S I A C  R A N G E
R e q u i r e d :  PLOT S I A C
O p t i o n a l :  R A N G E

If  om i t t ed , o n l y  t h e  l ag  1 s a m p l e  i n v e r s e  a u t o c o r r e —
l a t i o n  w i l l  be p l o t t e d . If of the form X , t he  f ir s t  X -

l ag  S I A C ’s will be plotted . If of the fern . X— Y ,
S I A C ’ s of  l a g s  X t h r o u g h  Y , i n c l u s i v e , w i l l  be p lo t -
ted .

8.4.2 List

To obtain a listing of the SIAC the command is

LIST SIAC RANGE

R A N G E  i s  d e f i n e d  a b o v e .  N i n e  l ag s  a r e  l i s t e d  per l i n e .

8. 14 .~ G r a p h

To obtain a graph of the SIAC the command is

— G R P H  ~~. ~C R A N G E

RANGE is defined ahc~ e. This option is avai lab ’~e on l y when run n in~’ in
‘he interactive mode ~~ a Tektronix te rminal.
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+ —  +

I I
I COMMAND ? I
I plot siac 7 I
I I
I G E N E R A T E D  DATA I
I M E A N  0.0020 STD ERR 0.3361 I
I 80 OBSERVATI ONS BEG INNIN G AT TIME 1 I
I SAMPLE INVERSE AUTO— CORR FUNCTION I
I I
I I
I —1.000 —0.600 —0.200 0.200 0.600 1.000 I
I I I I I I I I
I 1 : X X X X X X X X X X I  — 0 . 3 9 9  I
I 2 : IX 0.030 I
I 3 :  IX 0 .0 140  I
I 14 : XI — 0 . 0 2 1  I
I 5 : IXXX 0. 11 3 I
I 6 : X X X X X X I  — 0 . 2 2 5  I
I 7 :  I 0.002 I
I PLOT COMPLETED I
I I
r I
+ +

8.5 SAMPLE INVERSE PARTIAL AUT OCORRELATI ON FUN CTION (SIPA )

The SIPA of a n y  w o r k i n g  f i l e  may  be d i s p l a y e d . There  a r e  t h r ee  m e t h o d s
of d i s p l a y i n g  the SIPA and t h e y  w i l l  be described separately.

8.5. 1 Plot

To o b t a i n  a p lo t  of the  SIPA the  command  is

PLOT SIPA RANGE
Re qui re d : PLOT SIPA
Opt ional : RAN GE

If omitted , only the sample Inverse partial autocor—
relation will be plotted . If of the form X , the first
X l ag  SIPA ’ s w i l l  be p l o t t e d . If of the  fo rm X — Y ,
SIPA ’s of l ags  X t h r o u g h  Y , i n c l u s i v e , w i l l  be p l o t —
ted .

- 2 2—  
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8 . 5 .2  L i s t

To o b t a i n  a l i s t i n g  of the  S I P A  the  command is

L I S T ~ I P A  R A N G E

R A N G E  is d e f i n e d  a b o v e .  N i n e  l ag s  a r e  l i s t e d  per l in e .

8 . 5 . 3  G r a p h

To o b t a i n  a g r a p h  of t he  SIPA the  command is

G R P H  S I P A  R A N G E

R A N G E is  d e f i n e d  a b o v e .  T h i s  op t i o n  is a v a i l a b l e  o n l y  when  r u n n i r g  in
the  i n t e r a c t i v e  mode  on a T e k t r o n i x  t e r m i n a l .

+ +

I I

I I
I ‘~~M M A N D  I
I p l o t s i ac  7 1
I G E N E R A T E D  DATA I
I M E A N  0 . 0 02 0  STD E R R  = 0 . 3 3 6 1  I
I 80 O B S E R V A T I O N S  B E G I N N I N G  AT T I M E  1
I S A M P L E  I N V E R S E  P A R T I A L  A U T O — C O R R  F U N C T I O N  I
I I
I I
I — 1 . 0 0 0  — 0 . 6 0 0  — 0 . 2 0 0  0 . 2 0 0  0 . 6 0 0  1 .000 I
I I I I I I I I
I 1 : X X X X X X X X X X I  — 0 . 3 9 9  I
I 2 : XXXXI — 0.15 14 I
I 3 : I — 0 . 0 0 9  I
I 14 : I — 11 .002  I
I 5 : I X X X  0. 13 2 1 -
I 6 : XXXX I —0. 155 1
I 7 : X X X X X I  — 0 . 1 8 6  I
I PLOT COM PLETED I
I I 
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8.6 SAMPLE SPE CTRAL D E N S I T Y  F U N C T I O N  (SSD)
The SSD f u n c t i o n  is d i s p l ay e d  for  the c u r e n t  w o r k i n g  f i l e .  The SSD func-
t i on  is c a l c u l a t e d  a u t o m a t i c al l y  fo r  the f r e q u e n c i e s  r e q u e s t ed . To ob-
t a in  a plot  of the SSD f u n c t i o n  the command is

SSD X—Y BY Z LAG K

R e q u i r e d : X—Y s p e c i f i e s  t h a t  the SSD is to be plot ted for  the
f r e q u e n c i e s  between X and Y.
This  mus t  be a subset  of (O , . 5 ) .

Z is the increment to space the frequencies.

1< is the number of lags  of the  SACF to be used in the
c a l c u l a t i o n .  K lags  of the  SACF a re  c a l c u la t e d
aut o m a t i c a l l y .

One frequency is plotted per line with a heading at the top.

+ +
I I
I I
I COMMAND ? I
I ssd 0— . 2 by .0)4 lag 36 I
I I
I G E N E R A T E D  DATA I
I M E A N  = 0.0000 STD ERR = 0.1307 I

V I 200 OBSERVATIONS BEGINNING AT TIME 1 I
I SAMPLE SPE CT R A L  DEN S ITY F U N C T I O N  I
I I
I I
I 0 .0  1.7140 3.1480 5 .220  6 .959  8 .699 1
I F R E Q I  I I I I I I
I .0  I X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X  8 .699 I
I .0~4 O I X X X X X X X X X X X X X X X X X X X X X X X X X  4 . 14 18 I
I .O8OIXX 0.514 I
I . 1 2 O I X X  0. 1473 I
I . 1 601X 0 .3 0 9 I
I .200IX 0 .226  I
I I
I I
I I
+ +
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- 8.7 SCATTER DIAGRAM
It is possible to obtain a scatter diagram of z(t) versus any of its la~’

- 
- 

. 

v a l u e s .  To o b t a i n  a s c a t t e r  d i a g r a m  of z(t) vs. z(t—1 ) the command is
V 

SCAT 1 -

In g e n e r a l , a s c a t t e r  d i a g r a m  of z ( t )  v s .  z ( t — N ) , w h e r e  N i s  an  i n t e g e r
b e t w e e n  1 a n d  the  l e n g t h  of  t h e  series , may be obtained by t h e  c o m m a n d

SCAT N

+ 4

V I I
I
I ~~( 1 M M A N D  ?

I s c a t  I I
I I
I
I LAG 1 SCATTER D I A G R A M  I
I 5. .-.78 — I

-
- - I . 1 T

I . 2 1 1
I  1 1 1 1 I
I ~.5014

_ 1 1 1  1 1 I
I  1 1 1 1  1 I
I . 11 1  2 2 1 1  1 1 1 1 1
I 1 1 1 12 1 12 11 I
I 1.530  — 1 1 1 1 4  11 1 I
I . 1 2 1 1 1 1 3 1  13 1 I
I . 12133 1  1 1 1  2 1 1
I . 12212 323 21 3 1
I —0 . 1414 5 — 1 1 1 2 1 3 1 2 1 2 1 2 1  1 1 1 1 I
I . 1123  52 1 1 1  12 1 I
I . 1 1 1 3 1 4 1 4 1 14 1 1 

- .

I . 1 1 1 1  2 1 1 1 1 1 2 1 1
1 —2. 141 9 — 1 1 1 1  1

I  11 1 1
I . 1 1
I .1 1 1 

-

I I I I I I I
I -~~.~~03 _ 2 . 14 19 -0. 1414 5 1. 5 3 0  3 . 5 0 1 4  5. 1478 I
I I
I I

1~~ 
+ +
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8 .8  H I S T O G R A M
W i t h  t h i s  o p t i o n , a h i s t o g r a m  of the  c u r r e n t  w o r k i n g  f i l e  m a y  be ob—
t a m ed . The command  is

HIST N

R e q u i r e d : HIST
O p t i o n a l :  N i n d i c a t e s  i n t o  how m a n y

i n t e r v a l s  you w a n t  the r a n g e  of
the  d a t a  to be d i v i d e d . It is
o p t i o n a l .  If i n c l u d e d , i t  shou ld
be b e t w e e n  1 and 1 5 in c lus ive .  If
omitted , the d e f a u l t v a l u e  is
2~ r/s where r is the range of the
d a t a  and s is the samp le  s t a n d a r d
d e v i a t i o n .

+ +
I I
I I
I C O M M A N D  ? I
I hist 15 I
I I
I G E N E R A T E D  DATA I
I M E A N  0 .0000  STD E R R  = 0 .130 7  I
I 200 O B S E R V A T I O N S  B E G I N N I N G  AT T I M E  1 I
I HISTOGRAM I
I M I N I M U M  = — ‘4. 39 M A X I M U M  5. 148 I
I I
I I” I
I Ift***** I
I I ****ft****************** I
I I************************* I
I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I
I ~~~~~~~~~~~~~~~~~~~~~~~~~~~ I
I I****0******************* I
I I********4******** I
I ~~~~~~~~~~~~~~~~~~~~~ I
I I*********** I
I I’~’~” I
I I**** I
I ~~~~~ I
I I I
I 1* I
I I
I I
+ +
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8.9  N OR M A L  PR OB A B I L I T Y  PL OT
W i t h  t h i s  o p t i o n , a n o r m a l  p r o b a b i l i t y  p lo t  of the  c u r r e n t  w o r k i n g  f i l e  -
m a y  be o b t a i n e d . T h i s  is e s p e c i a l l y  h e l p f u l  when  t he  f i l e  c o n t a i n s  t h e
r e s i d u a l s , so t h a t  we m a y  judge i f  a n o r m a l  d i s t r i b u t i o n  a s s u m p t i o n  is
r e a s o n a b l e .  The c o m m a n d  is

N O R M

If the data are normally distributed , t he  p l o t t e d  p o i n t s  s h o u l d  l i e  or
or n e a r  t he  h o r i z o n t a l  l i n e  of ‘ + ‘s.  M u c h  d e v i a t i o n , e s p e c i a l l y  p a t —  -

terned deviation , away from the line should be considered evidence t h a t
the  d a t a  d i d  no t  co m e f r o m  a n o r m a l  d i s t r i b u t i o n .

+ +
I I
I I
I C O M M A N D  ? I
I n o r m  I
I I
I G E N E R A T E D  DATA -- RE SI D U A L S I —
I M E A N  0 .0 1 2 0  STD E R R  0 . 0 7 3 0

V I 199 O B S E R V A T I O N S  B E G I N N I N G  AT T I M E  2 1 -
I N O R M A L  P R O B A B I L I T Y  PLOT I
I I

I I
I I
V!V V.

I I
I + + + + + + ÷ + + + ÷ 1÷ 12 2 13 14 3 14 31 1 9 5 5 8 7 X 9 X X X X X 9 9 5 3 6 1 1 1 1 5 + 2 + + 1 + + + + + + + + + + +  I
I 1 1 1
T

I I
I I

-

, I I

I I
I
I I
+ +
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8. 10 STATISTICS IN T E S T I N G  FOR W H I T E  NOISE
These s t a t i s t i c s  are  c a l c u l a t ed  on the c u r r e n t  w o r k i n g  f i le .  They a re
most  u s e f u l  when  the f i l e  c on t a i n s  the r e s i d u a l s .  The command to re—
ques t  these s t a t i s t i c s  is

STAT

The f i r s t  s t a t i s t i c  is a test  on the structure of the sample autocorre—
l a t i o n  f u n c t i o n  of the  d a t a . The h i g h e r  the v a l u e , the  more  s t r u c t u r e
p r e s e n t  in the  SACF . If the  da t a  a re  w h i t e  no i se , then  t h i s  v a l u e  comes
f rom a C h i — S q u a r e  d i s t r i b u t i o n  w i t h  the  i n d i c a t e d  degrees  of f reedom . A
o n e — t a i l e d  test shou ld  be e mp l o y e d .

The n u m b e r  of o u t l i e r s , the  d a t a  v a l u e s  g r e a t e r  than  2 . 5  s t an d a r d  dev ia -
t i o n s  awa y f rom zero , is p r i n t e d  n e x t .

The n e x t  s t a t i s t i c  is a r u n s  test  and is a m e a s u r e  of the  i n d ep e n d e n c e
of the d a t a .  If  the  d a t a  r ep r e s e n t  i n d e p e n d e n t  o b s e r v a t i o n s , the  stand-
a r d i z e d  n u m b e r  of r u n s  is ap p r o x i m a t e l y n o r m a l l y  d i s t r i b u t e d . A two —
t a i l e d  test s h o u l d  be used .

Finally, the data are divided into three parts and the sample variance
is c a l c u l a t e d  fo r  each  p a r t .  These v a l u e s  shou ld  be r o u g h l y  the same and
r e p r e s e n t  a m e a s u r e  of h o m o s c e d a s t i c i t y .

+ +
I I
I I
I C O M M A N O  ? I
I s t a t  I
I I
I S T A T I S T I C S  I N  T E S T I N G  FOR W H I T E  N O I S E  I
I I
I C H I — S Q U ~1 R E  T E :IT  : V A L U E  2 8 . 2 8  I
I DEC F R E E D OM z 2~4 I
I N UM BE R OF OUT L I E R S = 2 I
I N U M B E R  (~V R~~N C = 97 STANDARDIZED 1/ = — 0 . 1489 I
I V A R I A N ~. E  OF F I R S r  T H I R D  = 1 .13 63L 1 I
I V A R I A N C E  ~~ M I D D L E  T H I R D  = 1 .1757 0  I
I V A R I A N C E  OF LAST T H I R D  0 .88 357  I
I I
I I
I I
+ +
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SECTION IX

F O R E C A S T I N G

Befo re  t h e  f o r e c a s t  f u n c t i o n  can be d i s p l a y e d , t h e  l eas t  s q u a r e s  est~~—
mates of the model parameters must be obtained . For instructions on . 1 O~~

i n g t h i s , see t h e  s ec t ion  on B u i l d i n g  a Model . The 95~ c o n f i d e n c e  l im-
its on the forecast and the actual values , i f  k n ow n , a r e  a u t o m a t i c a l l y
displayed along with the forecast itself. The statistics given in th~
h e a d i n g  of the  d i s p l a y  a re  those of the  f o r e c a s t  f u n c t i o n .  There  a r e
three m e t h o d s  of d i s p l a y i n g  the  f o r e c a s t  f u n c t i o n .  The m e t h o d s  w i l l  be
explained separately.

9. ’ PLOT

To o b t a i n  a p lot  of t he  f o r e c a s t  f u n c t i o n  the  command  is

PLOT FCST X Y

R e q u i r e d : X is the  n u m b e r  of p e r i o d s  to f o r e c a s t .
Y

is t h e  t i m e  a t  w h i c h  the  f o r eca s t s  a r e  to f o l l o w ,
that is , Y+1 is the time of the first forecasted va-
lue . Y should be greater than or equal to p+q, where
p is the maximum order of the autoregressive operator
and q is the  m a x i m u m  o rde r  of the moving average op-
erator. Y should be less than or equal to the time of
t h e  l as t  o b s e r v a t i o n  of the  s e r i e s .

One period is printed per line with a heading at the top. In addition
to the f o r e c a s t  f u n c t i o n , s t a r t i n g  v a l u e s  a r e  a lso p lo t t ed .
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9 . 2  LIST

To o b t a i n  a listing of the forecast function the command is

LIST FCST X Y

X and  Y a r e  d e f i n e d  a b o v e .  One pe r iod  is l i s t ed  per l i n e .

9 .3  G R A P H
To o b t a i n  a g r a p h  of the  f o r e c a s t  f u n c t i o n  the  command  is

GRPH FCST X Y

X and  Y a r e  d e f i n e d  a b o v e .  Th i s  o p t i o n  is a v a i l a b l e  o n l y  when r u n n i n g  in
the i n t e r a c t i v e  mod e on a Tektron ix term inal .

+ +
I I
I I
I COMMAND ? I
I l i s t  f c s t  7 196 I
I I
I G E N E R A T E D  DATA I
I MEA N = — 0 . 0 3 7 5  STD E R R  0 .08 149 1
I 7 O B S E R V A T I O N S  B E G I N N I N G  AT T I M E  197 I
I FORECA ST FUN CTION I
I I
I T I M E  LOWER CONE LIM U P P E R  CONF LIM FORE CA ST A CTUAL VALUE I
I 197 : — 1 . ~498 2 . 1 0 5  0 .30 3  0 .596  I
I 198: ~2 . 14 1.~5 1. 619 ~.0. 141 3 — O . 1 9 ~4 I
I 199: —2 .1401 1.706 — 0 . 3 1 4 7  — 0 . 2 8 6  I
I 200: — 2 . 1 3 0  2 . 1 2 7  — 0 . 0 0 2  — 0 . 5 7 9  I
I 201: — 1 . 9 8 5  2 .286  0 .1 5 0  I
I 202: — 2 . 062 2 .220  0 .079  I
I 203 : — 2 . 1 7 1  2 . 1 2 3  — 0 . 02 14 I
I I a
I I
+ +
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S E C T I O N  X

THEORETICAL RESULTC

10. 1 THEORETICAL AUTOCORRELATION FUNCTION (TACF)

To d i s p l a y  t h e  TACF , a m o d e l  m u s t  f i r s t  be e n t e r e d  and i n i t i a l i z e d .  For
i n s t r u c t i o n s  on d o i n g  t h i s , see the  s e c t i o n  on B u i l d i n g  a Model . The re
a re  t h r e e  m~~t.hjds for displaying the TACF.

10.1.1 Plot

To obtain a plot of the TACF the command is

PLOT TA CE RAN GE
R e q u i r e d : PLOT TACF
O p t i o n a l :  R A N G E

If o m i t t e d , o n l y  the  lag  1 theoretical a- .it~~corre Ia—t i o n  w i l l  be p l o t t e d .  If of the  fo rm X , L.n e f i r s t  X
lag TACF ’s will be plotted . If of the fo rm X — Y ,
TA CF’ s of lags X t h r o u g h  Y , i n c l u s i v e , w i l l  be plot-
ted .

1 0 . 1 . 2  L i s t

To o b t a i n  a l i s t i n g  of the  TACF t he  c o m m a n d  is

LIST TAC E R A N G E

RANGE is defined above. Nine lags are listed per line.
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1 0 . 1 . 3  G r a p h  V

To o b t a i n  a g r a p h  of the  TACF the  command is

GRPH TACF R A N G E

A s i m u l t a n e o u s  g r a p h  of the  TACF and SACF of the  c u r r e n t  w o r k i n g  f i l e
can be obtained . The command is

GRPH ACE R A N G E

RANGE is defined above. This option is ava ilable only when running in
the  i n t e r a c t i v e  mode  on a T e k t r o n i x  t e r m i n a l .

10.2 THEORETICAL PARTIAL AUTOCORRELATION FUNCTION (TPAC)

To display the TPAC , a model must first be entered and initialized. For
i n s t r u c t i o n s  on d o i n g  t h i s , see the s ec t ion  on B u i l d i n g  a M o d e l .  The
modes  of d i s p l a y  a r e  the  same a for  the  TACF e x c e p t , of cou r se , one uses
the  k e y w o r d  T P ? ~C .

10.3 THEORETICAL INVER SE AUTOCORRELATION FUNCTI ON (TIA C)

To d i s p l a y  the  T I A C , a m o d e l  m u s t  f i r s t  be en t e r ed  and initialized. - For
ir~structjon5 on doir :F this , see the section on Building a Model. The
nodes of d i s p l a y  a r e  t h e  same as fo r  th e  TAC E e x c e p t , of course , one
U S L S  t h e  ke y word  T I A C .

10. 14 T H E O R E T I C , ~L I N V ~- f ~~ I h~.FT IAL AUTOCOR RELATION FUNCTION (TIPA )

To d i s p l a y  t h e  T I P A , a mo -I d m u s t  f i r s t  be e n t e r e d  and i n i t i a l i z e d .  For
i n s t r u c t i o n s  on d o i n g  t h i s , see the  section on B u i l d i n g  a M o d e l .  The
modes  of ili s p l a y  a r e  th~ s~~-.e as fo r the  TACF e x c e p t , of course , one
uses the  k e y w o r d  T I P A .
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Some examples follow.

I I
I COMMAND ? I
I l i ..~t t a c f  8 1
I I
I T~~E Of ~E T I Ct . L M O D E L  I
I TH~. ’ ) R F V I I C A L  A U T O — C O R R  F U N C T I O N  I
I I
1 1- 9 :  0. 142 3  — 0 . 1 1 4 3  -0 . 257 —0 . 097 0.0 14 5 0 . Of ~6 0 .022  — 0 . 0 1 3  I
I I
I C O M M A N D  ? I
I p l t  t p a c  ‘4 I
I I
I T H E O R E T I C A L  M O D E L  I
I THEORETICAL PARTIAL AUT O— CO RR FUNCTION I
I I
I I
I -‘.000 —0 .600 —0 .200 0.200 0.600 1.000 1
I I I I I I I I
1 1 : IXXXXXXXXXXX 0.1423 I
1 2 : XXXXXXXXXXI —0.399 I
I 3 :  I 0 .0  I
I 0 :  I 0 . 0  I
I P IV OT C O M P L E T E D  I
I I
I C O M M A N D  7 1
I plot tiac 7 I
I I
I G E N E R A T E D  DATA I
I MEAN 0.0020 STD ERR 0.3361
I 80 OBSERVATIONS BEGINNING AT TIME 1 1
I THEORETICAL INVERSE AUTO— CORR FUNCTION
I I
I
I — 1 . 0 0 0  _ r .600  — 0 . 2 0 0  0 . 2 0 0  0. fS o O 1 . 000 I
I I I I I I
I 1 : X X X X X X X X X X X I  — O . ’42~
I 2 :  I C’ . O
I 3 :  I 0 . 0  I
I L I :  I 0 . 0  I
I 5 : I X X X X  0 . 1~~9 I
I 6 : X X X X X X I  — 0 . 2 1 4 0  I
I 7 :  I 0 . 0  I
I PLOT COMPLETED I
I I
+ +
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10 .5  T H E O R E T I C A L  S P E C T R A L  DENSITY F U N C T I O N  (TSD )

To d i s p l a y  the  TSD , a model  m u s t  f i r s t  be en te red  and i n i t i a l i z e d . For
i n s t r u c t i o n s  on d o i n g  t h i s , see the sec t ion  on B u i l d i n g  a Model . To ob-
t a i n  a plot of the TSD the command is

TSD X-Y BY Z LAG K

R e q u i r e d : X—Y is  the  r a n g e  of f r e q u e n c i e s  ove r  w h i c h  the  TSD is to
be p l o t t e d  and should  be a subset  of ( 0 . , . 5 ) .

Z is the  f r e q u e n c y  i n c r e m e n t .
K is the  n u m b e r  of l ags  of the  t h e o r e t i c a l  a u t o —

c o r r e l a t i o n s  to be used in the c a l c u l a t i o n .

- One frequency is p lo t t ed  per l i n e  w i t h  a h e a d i n g  at the top .

+ +
I I
I I
I COMMAND 7 I
I tsd 0— . 5 by .05 lag  15 I
I I
I THEORETICAL MODEL I
I T H E O R E T I C A L  S P E C T R A L  D E N S I T Y  F U N C T I O N  I
I I
I I
I 0 .0  O. ’480 0 .9 60  1. 1414 0 1.920 2.1400 I
I F R E Q I  I I I I I I
I .0  I X X X X X X X X X X X X X X X X X X X X X X  1 .073  I
I . O 5 O I X X X X X X X X X X X X X X X X X X X X X X X X X  1 .203  I
I . 1 0 0 I X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X  1 .67 ~4 I
I  1 5 O I X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X  2 . 1400  I
I . 2 0 0 I X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X  1 .957 I
I . 2 5 O I X X X X X X X X X X X X X X X X X X X X  0 .9 6 14  I
I . 3 0 0 I X X X X X X X X X X  0 . 149 6  I
I . 3 5 O I X X X X X X  0 .306  I
I .~4 0 0 I X X X X  0 .222  I
I .~4 5 0 I X X X  0 . 1 8 3  I
I . 5 0 0 I X X X  0 . 17 0  I
I I
I I
+ +
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10.6 E V E N T U 1~L F O R E C A S T  F U N C T I O N

Befo re  the e v e n t u a l  f o r e c a s t  f u n c t i o n  can  be d i s p l ay e d , a model  w i t h  a u —
t o r e g r e s siv e  t e r m s  m u s t  be e n t e r e d  and i n i t i a l i z e d . For i n s t r uc t i o n s  on
how to do t h i s , see the  s ec t i on  on B u i l d i n g  a M o d e l .  O n l y  a u t o r e g r e s s i v e
terms are used in the eventual forecast . The statistics that appear in

— the heading of the display are those of the eventual forecast function.
There  a re  t h r e e  m e t h o d s  of d i s p l a y i n g  t h i s  f o r e c a s t  f u n c t i o n .  The m e t h —
ods will be described separately.

10.6.1 Plot

To obtain a plot of the eventual forecast function the command is

PLOT FCST X Y Si S2 . .. Sp

Required : X is the number of periods to forecast.
Y must be zero. It is a code t e l l i ng  the p r o g r a m  t h a t

-~ an eventual f o r e c a s t  f u n c t i o n  is desired .
S1 ,S2 ,...Sp

are the p s t a r t i n g  v a l u e s  for  the  f o r e c a s t  v a l u e s .  p is
the highest order of the autoregressive operator. For
exam pl e , in an AR (1) process , p = i . In an A R(1 ) process
with a first difference , p=2.

One period is plotted per line with a heading at the top. In addition
to the forecast function , starting values are also plotted .
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10.6.2 List

To o b t a i n  a l i s t i n g  of the  e v e n t u a l  fo recas t  f u n c t i o n  the command is

LIST FCST X Y Si  S2 ... Sp

X ,Y ,S1 ,S2,...Sp are defined above. One period is listed per line.

1 0 . 6 .3  G r a p h

To o b t a i n  a g r a p h  of the  f o r e c a s t  f u n c t i o n  the  command is

GRPH FC ST X Y S i S2 ... Sp

X ,Y ,S1 ,S2,...Sp are defined above. This option is available only when
runn ing in the interactiv e mode on a Tektronix terminal.

+ +

I I
I I
I COMMAND ? I
I plot fcst 5 0 5 10 I
I THE ORETI CAL MODE L I
I E V E N T U A L  FORECAST FUNCTION I
I —2.560 —0.0148 2.146 14 14. 97 6 7. ’488 10.000 I
I I I I I I I I
I 1 : I X 5.000 I
I 2 :  I X 10.000 I
I 3 : I X 14.000 I
I ~.I :  X I —1.599 I
I 5 :X I —2.559 I
I 6 :  X I — 0 . 8 9 5  I
I 7 :  X I 0. 1486 I
I PLOT C O M P L E T E D  I
I I
+ +
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S E C T I O N  XI

MIS C ELLANEOUS

1 1 . 1 R U N N I N G  THE PR OGRAM IN BAT CH M ODE

If a TSO terminal is not available , it is possible to run the TSA pro-
gram in batch. A typical job setup follows .

+ +
I I

I //jobname JOB (accoun t n u m b e r )  , ‘box  no .  and n a m e ’ , CLASS = F I
I /*ROUTE PRINT p r i n t e r — i d  I
I / / S T E P 1  EXE C TSA ,IN= ’ in pu t . d at a . se t’ ,OUT= ’output.data.set ’ I
I R E A D  5 C A R D  I
I ( 5 F 5 . 2 )  I
I 1 . 0 1  2 . 0 2  3 .03  14.0 14 5 .05  I
I THIS IS A TITLE I
I PLOT I
I M O D E L AR 1 I
I I N I T  I
I ESTM I
I PLOT F C S T 3 3  I
I STOP I
I 1* I
I II I
I I
I I
+ +

Note  t h a t  the  IN and  OUT p a r a m e t e r s  on the  EXEC ca rd  a re  o p t i o n a l .  When
i n cl u ded , t h e y  s p e c i f y  r e s p e c t i v e l y  the  names  of the  d i s k  d a t a  se t s  f r o m
w h i c h  d a t a  ar e  to be read and upon  w h i c h  d a t a  a r e  to be w r i t t e n  v i a  t he
WRITE command .

I
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11.2 PROGRAM MESSAGES

V D I F F E R E N C I N G  D O N E .  G i v e n  a f t e r  success fu l  comple t ion  of a d i f f e r e n c e

ESTIMATES OF MA PARAMETE RS ARE NO GOOD. The procedure for calculating
MA initial values diverged . User should supply the values.

F I L T E R I N G  COM PLETE.  Give n a f t er su ccess f u l  comp let ion of a f i l t e r

FORECAST CANNOT BEGIN AT THIS STARTING POINT . The m i n i m u m  s t a r t i ng
po in t  for  a f o r e c a s t  is at  p + q .  p is the m a x i m u m  order  of the autore-
g r e s s i v e  o p e r a t o r  and q is the m a x i m u m  order  of the m o v i n g— a v e r a g e  oper-
a t o r .

I N V A L I D  COM M A N D  WORD . The command en te red  was not  found , check  the
s y n t a x  of the  command

INVALID COMMAND WORDING. Invalid syntax in a ‘FILT ’ comman d .

I N V A L I D  D I F F E R E N C E  O P E R A T O R . P robab l e  c aus e was t hat a seasonal  d i f f e r-
ence was spec i f ied but no or d er was gi ven or the other  wa y a roun d . Ma y V

also signal missing constants in the ‘D IE F ’ comman d .

MISSING PARAMETER. No parameter included in the ‘ADD ’ comman d

MODEL HAS NOT BEEN INITIALIZED. A least squares estimation is requested
but the parameters do not have initial values

MODEL IS NOT I N I T I A L I Z E D .  The model p a r a m e t e r s  were not  i n i t i a l i z e d
p r i o r  to g e n e r a t i n g  d a t a

MODEL IS NOT I N V E R T I B L E .  W i t h  e i t h e r  the i n i t i a l  v a l u e s  g i v e n  or leas t
squares values calculated the model is not invertible.

MODEL IS NOT S T A T I O N A R Y .  W i t h  e i t h e r  the i n i t i a l  v a l u e s  g i v e n  or leas t
s q u a r e s  v a l u e s  c a l c u l a t e d  the model  is no t  s t a t i o n a r y .  This  n a t u r a l l y
o c c u r s  a n y t i m e  a d i f f e r e n c e  is en t e r ed  i n t o  the  model .

MODEL PARAMETERS ENTERED IN INCORRECT ORDER. See the sec t ion  on e n t e r —
ing model parameters for the proper order .
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NO M O D E L .  An a t .tempt  was mad e to g e n e r a t e  da ta  w i t h o u t  a model

NO MODEL TO INITIALIZE. A model must first be entered prior to initial-
izing the parameter.

O P E R A T I O N  C A N N O T  BE DONE B E C A U S E  OF N O N — P O S I T I V E  DATA V A L U E S .  No nega-
t i v e  da ta  v a l u e s  are  a l lowed  when d o i n g  a log or powe r w i t h  a rea l  expo-
n e n t  t r a n s f o r m a t i o n  is d o n e .

R E S I D U A L S  HAVE B E E N  PUT INTO FILE 2. The r e s i d u a l s  a re  loaded  i n t o  F i l e
2 a nd now can be m o d e l e d .

P A R A M E T E R  NOT F O U N D .  The re queste d par ameter  in the ‘D E L ’  command
was not found.

POINTER SHOULD BE SET TO 1 OR 2 TO GET INITIAL VALUES. Before the pro-
gram can supply i n i t i a l  v a l u e s  or c a l c u l a t e  leas t  squa re s  e s t i m a t e s , the
c u r r e n t  w o r k i n g  f i l e  m u s t  be e i t h e r  1 or 2.

SUM OF SQUARES CANNOT BE REDUCED FURTHER. In the estimation routine
e i t h e r  the m a x i m u m  n u m b e r  of i t e r a t i o n s  was exceeded or the process  was
not  c o n v e r g i n g .

T R A N S F O R M A T I O N  D O N E .  G i v e n  upon s u c c e s s f u l  c o m p l e t i o n  of a t r a n s f o r m a -
t i o n .

I
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11 .3  KEYW ORDS 
V

The following is a list of keywords used in the program . An ‘‘‘
indicates that the keyword is a command word .

A CF au t o co r r e l a tion f u n c t ion
ADD * used to add a p a r a m e t e r  to the model
AR either a regular auto—regressive parameter type or an

auto— regressive filter
CARD i n d i c a t e s  i n p u t  is to be f rom c a r d s
DATA * used to r e c a l l  the o r i g i n a l  s e r i e s
DEL * used to de l e t e  a p a r a m e t e r  from the model
DIFF * use d to p e r f o r m  a d i f f e r e n c e  on the d a t a
DISK indicates the input is from disk
DT parameter type deterministic trend
E i n d i c a t e s  t h a t  s t a n d a r d  e r r o r s  of the  SACE a re  to be p lo t ted
ESTM * used to p e r f o r m  a l e a s t  squa res  estimation
EXP i n d i c a t e s  an e x p o n e n t i a l  t r a n s f o r m a t i o n
FCST i n d i c a t e s  t h a t  the fo r ecas t  is to be d i s p l ay e d
FILT * used to p e r f o r m  a f i l t e r  on the da t a
GEN * used to g e n e r a t e  d a t a
GRPH * i~ J~~ ates the display is to be a graph
HIST * used to d i s p l a y  a h i s t o g r a m
I N I T  * used to initial model parameters
LIST * the list command
LOG indicates a log transformation
MA a regular moving average paramete r
MODEL ’ used to e n t e r  the model parameters
NORM * used to o b t a i n  a normal probability plot
ORD i n d i c a t e s  the  o r d e r  of the  seasonal  d i f f e r en c e
PLOT ‘ the plot command
POLY indicates a polynomial filter
R E A D  ft used to i n p u t  a se r ies
REG indicates a regular difference
RES * command to reset the current working file
S indicates that a solid line plot is desired

- SACF s a m p l e  a u t o c o r r e l a t i o n  f u n c t i o n
SAR seasonal auto—regressive parameter type
SARA seasonal auto— regressive parameter type
SARB s e a s o n a l  a u t o — r e g r e s s i v e  p a r a m e t e r  type
SCAT ‘ used to d i s p l a y  a scatter diagram
SEAS indicates the number of seasonal differences
SIAC sample inverse autocorrelation function
SIN indicates a sine filter
SIPA sample inverse partial autocorrel ation function
SMA s easona l  m o v i n g — a v e r a g e  p a r a m e t e r  t ype
SMAA s ea sona l  m o v i n g — a v e r a g e  p a r a m e t e r  type
SMAB s e a s o n a l  m o v i n g — a v e r a g e  p a r a m e t e r  type
SPAC s a m p l e  p a r t i a l  a u t o c o r r e l a t i o n  f u n c t i o n
SSD ‘ sample  s p e c t r a l  d e n s i t y  f u n c t i o n
STAT ‘ used to ge t  s t a t i s t i c s  on the  c u r r e n t  w o r k i n g  f i l e
STOP ‘ used to t e r m i n a t e  t h e  p r o g r a m
TACF theoretical autocorre latior tunct ion
TERM indicates that Input is from the terminal
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TEST ~ calculates the SSE for a given set of parameter values
TIAC theoretical inverse autocorrelation function
TIME * us ed to change  the t ime span of the d ata
TIPA theoretical inverse partial autocorrelation function.
T I TL E~ use d to chan ge the t i t l e  of the d a t a
TPAC theoretical partial autocorrelation function
TRA N * pe r f o r m  a t r a n s f o r m a t ion
TSD * plot the theoretical spectral density
USING to use o n l y  a p o r t i o n  of the d a t a  in the e s t i m a t i o n
VAR used to specify the variance of the white noise
WRITE* output data to the disk
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