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I. S-Plus Background:
Before getting into using the library, afew points about S-Plus will be made.

A. Entering a vector.

To enter datain vector form, use the command ¢( ) in the Commands Window. For

example, let’s say we want to enter a vector with values 1,2,3,4,5. Use the command
below.

y<-c(12,34,5)
Y our window will look like the following.

[ 5-PLUS - Commands
Eile Edit “ew |nsert GW Data Statisticz Graph Option: Window  Help
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B. Importing a new dataset.

To import a new dataset, use the following commands. Go to the File menu down to
“I'mport Data” then over to “From File...”

Y ou can either Browse to the specific file you wish to import by clicking on the
Browse button, or you can type the file location in the File Name: box. Specify the
format of the file in the File Format dropdown box. For instance, let’s say we want to
import afile from the C drivetitled data2.txt. (Note that the *.txt fileisan ASCII file
—whitespace delimited (asc;dat;txt;prn) file.) The user has the option of renaming the
fileasitisimported into S-Plus by typing a new filenamein the “ To — Dataset” box.
Either using the Browse button or typing in the location of the file should yield a
window that looks like the figure below. Click OK to finish importing the data.

Y our imported data will pop-up in anew window. You can closeit if you wish.
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C. Exporting a dataset from S-Plusto a file of a different format.
To export adataset, go to the File menu and down to “Export Data” then over to
“ToFile....” A new window will pop-up titled “Export To File”. Inthe Dataframe
box, type in the S-Plus object that contains the data you wish to export. Then you can
either type in the location and name of the datafile you wish to export inthe “To —
Filename:” box, or you can click the Browse button to find the destination the file
you will export. Again, specify the format of the file you want to export to in the
“Files of Type:” dropdown box. For example, let’s say we now want to export our
data2 vector we previously imported as an Excel fileon our C drive. To do this, type
in data2 in the “Data frame” box. Specify that we want our filename to be called
data2.xIson the C drive. Make sure that the box titled “Files of Type:” now shows
Excel Worksheet (x1?). See Figure below. Click OK to finish exporting thefile. The
first row of the exported dataset will contain the name of the column or vector.



Export To File M= E3
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1. Loadingthe“GWS’ Library:

Before you can load the library, the library must be copied into the S-Plus library folder.
Thisfolder typically resides in the following location.

C:\Program Files\Insightful\splust\library.

System requirement for using the library is S-Plus 5 or higher.

Start S-Plus. The go to the File menu and down to “Load Library”.



S-PLUS - Commands
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Close all
Save
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Create PowetPoink Presentation. ..

Load Module. ..
Load Library. ..
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Exit Alt+F4

Inthislist of library names, select “GWS"* and click OK.

Load Library

Librany Marne:
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Action;
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Each time you restart S-Plus, you will need to reload the library.




[11. Generating arealization from a shifted discrete Euler model:

This program can generate an equally spaced data set from a discrete Euler model whose
dual processisan AR (p) process.

Example: Generate an equally spaced data set from the model
Y(t) -1.732* Y(%) +0.9* Y(#) = a(t) with offset 60.

a). Under menu “GWS’, select Euler Process and click “ Generate Data” .

Insert | WS Daka  Skakistics  Graph Options  Window  Help

| clr Euler Process Generake Daka i ‘ |T
>
— iG-lambda Process Fit: fodel
k-filker |

b). In the dialog box, input the parameters of the model and select the output.

Generate a Realization from a shifted Euler Model I ] S
Parameters | Flat |
— Model — Ophions
Coefficients Coe i length 200

[ Input the 5 pecific AR A Coefficient | | k IEI
R | O [60
The variance of white noize Interpalatiar ILi”EE" :Iv

I-I — Output

[ SetS5eed Save Data Az Itestl
zeed 716 Espart Data |

0k | cancel| apply | 1] o sument Help |

A. Parameters Options

1. Coefficients.
In the example, the coefficients of model are (1.732, -0.9). If you already have the
coefficients dataset in S-Plus, just type the name of the dataset, i.e. coe in box.

2. Input the Specific ARMA Coefficient (optional).
When this box is checked, we can set the specific coefficients for both AR and MA
parts of the M-stationary model. The default value is unchecked.



10.

AR and MA
The two buttons are only available when the box “Input the Specific ARMA
Coefficient” is checked.

Click the“AR” and input the first coefficient, i.e. 1.732 in thefirst line and the
second coefficient, i.e. —0.9 in the second line of the new dialog box. Close the new
dialog box. It issimilar to the button “M A”. If there is no coefficient in MA part,
then we don’t need click it.

1
1,73
-0.20
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The variance of white noise (required)
Specify the variance of the white noise process. The default valueis 1.

Set Seed (optional).
When this box is checked, we can set the specific random seed to generate the data.
The default value is unchecked.

Seed (optional)
The random seed can be any integer. Thefunctionisvalid only if “Set Seed” is
checked; otherwise, the seed will be randomly chosen.

L ength (required)
Specify the length of the realization to be generated. The default value is 200.

h (required)

Specify the value of hin the model. The default valueis 0. If hisnot greater than
1, the computer will pick h. If you specify a specific value of h, it should be greater
than 1.

offset (required)
Specify the value of the offset. The default valueis 60. The offset can be any
positive value.

Save Data As (optional)
This option lets you save the generated data, which you might use in S-Plus later,
as adataset in S-Plus. Input whatever name you want, i.e. test.



11. Export Data (optional)
Save the equally spaced datainto a TXT file in the computer. Click the button and

browse to the folder you to which you wish to export the equally spaced data.
Input the name of file, i.e. c:\gw\test.dat, and then click Open. The exported data
will be atxt file with thefirst entry equaling the total number of data points

exported.

21x]
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B. Plots Options
Select your outputs. Default isto output all results.

Generate a Realization from a shifted Euler Model I ] S

Parameters I Flat

— Sample Acf and Sample Spectrum — M-tk and M-Spec
I+ Shifted Euler Data ¥ Theoretical M-ACF
¥ Dual Data v Thearetical M-5pectum
v Sample ACF v Sample M-4CF
¥ Sample Periodogram ¥ Sample M-Perodogram
¥ Sample &F Spectum ¥ Estimated G-4F 5pectium

0k | cancel| apply | 1] o sument Help |




Shifted Euler Data:
Dual Data:

Sample ACF:

Sample Periodogram:
Sample AR Spectrum:
Theoretical M-ACF:
Theoretical M-Spectrum:
Sample M-ACF:
Sample M -Periodogram:
Estimated G-AR Spectrum:

The equally spaced dataset.
The dual data of the shifted Euler data.

The sample autocorrel ation function of the equally spaced
data.

The sample periodogram of the equally spaced data.

The AR spectrum after fitting an AR model to the data.
Theoretical ACF based on the discrete dual.

Theoretical M-spectrum.

The sample ACF based on dual data.

The sample M-periodogram

The M-spectrum of the fitted Euler model.

After specializing parameters and plot options, click OK.
The program will give a short report and a two-page plot by default.

If aname of the data set isgiven in Save Data As, i.e. test, S-Pluswill generate a
dataset named test for the equally spaced data.



V. Fitting an Euler model to an equally spaced dataset:

a). Under menu “GWS”, select Euler Process and click “Fit Model”.

Insert | gws Data Statistics Graph  Options  Window H

Euler Process Generate Data

——  ia-lambda Process Fit Model

k-filker

b) Input the data and parameters in the dialog box.

Fit an Euler Model to the Data - |01 x|
ki odel | Platz | Results |
— Data Selection — b odel Eztimation

Data bt - b awimurm Order |'|2—
Import D ata | [ Set the Specific Orders

IV SetData SubSet AR Order |1U—

Data SubSet IW Euler Order I'II:I—

— Offzet and kb E stimnation Method IBurg "I
E stimation Method |Ehu-piﬂ9 *| | | T Input the Specific ARMA Coefficient

Offzet Range IEI:EEIEI L | el |
[ Set the Specific Offset and h ~ Farecast
offaet IEEI Forecasting IL zteps past the "’I
h IEI v walidation

Interpalation I Linear - I Length I'I I

o0k | cancel | app | 1] o[ cument Help |

A. Model Options

1. Data: Input the name of the time series dataset, i.e. bat, if itisaready in S-Plus. The
dataset can be a vector or matrix with one column. If the dataset hasn’t been imported
into S-Plus ye, please click the button “Import Data” button and follow the directions
for importing data.

2. Import Data: The function is used when you want to import data from a datafilein
your computer. The function only supports TXT datafiles.

3. a) Set Data Subset
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Check thisbox if you wish to analyze a subset of the data.

b.) Data SubSet

Enter the range of the data you wish to use from lowest to highest, separated by a
colon. In our example, 10:102 means to get the data from 10" to 102™. The function is
valid only if Set Data Subset has been checked.

4. The Method for Picking Offset and h
There are three methods for choosing offset and h. These are Chu-ping, Huiping and
Eunha The default method is Chu-ping, and the default maximum offset is 200.

5. Set the Specific offset and h
This function allows us to set the specific offset and h, which we might get from other
methods. The function isvalid only if “ Set the Specific offset and h” has been checked.

6. Interpolation For now thereis only one option for interpolation, linear.
7. Maximum Order  Set the maximum order for both AR and Euler model.

8. Set the Specific Ordersfor models

You can specify the orders for the models. Set the specific orders for AR and Euler
models respectively. The function isvalid only if “ Set the Specific Order for models’ has
been checked.

9. Estimation Method
Y ou can choose the estimation method you prefer for estimating the coefficients of the
model. The options are Burg, Yule-Walker and MLE. The default is Burg.

10. Input the Specific ARMA Coefficient (optional).
When this box is checked, we can set the specific coefficients for both AR and MA
parts of the Euler model.

11. AR and MA
The two buttons are only available when the box “ I nput the Specific ARMA
Coefficient” is checked.

Click the“AR” and input the first coefficient, i.e. 1.732 in the first line and the second
coefficient, i.e. —0.9 in the second line of the new dialog box. Close the new dialog box.
It issimilar to the button “MA”. If thereis no coefficient in MA part, then we don’t need
click it.

12. Forecasting, Validation and L ength

There are severa optionsin for forecasting. The default option is validation. If you want
to use this option, input the length (L) for validation. The validation method leaves the
last L data points out of the estimation procedures. If you uncheck the validation option,
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you will have three types of forecast methods to choose. These are “L steps past the
end”, “Last L step”, and “Last L step update”.

B. Plots Options

To specify which plots you would like to create, click on the “Plots’ tab of the dialog

box.

Fit an Euler Model to the Data

tdodel Plats

— Original 5ample
Iw Original Data

v Sample ACF
¥ Sample Periodogram
¥ Estimated &R Spectium

v AR Forecast Plot

Rezultz :.::

=101 x|

— Interpolated S ample
v Dual Data

v Sample M-4CF
¥ Sample M-Perodogram

¥ Estimated M-4F 5 pectrum

I td-Forecast Plat

— Diagnostics
¥ Diagnostics for &R M odel

Iv Diagnostics for Euler Model

k. I Eanu:ell .ﬁ.ppl_l,ll I<| >| current

Help |

Original Data:
Sample ACF:

Sample Spectrum:
Estimated AR Spectrum:
AR Forecast Plot :

Dual Process:

Sample M-ACF:

Sample M -Spectrum:
Estimated M-AR Spectrum:

M -For ecast Plot:
Diagnostic for AR Modd:

The plot of the original data

The plot of sample ACF of the origina
data

The plot of sample periodogram of the
original data

The plot of spectrum based on the best
fitted AR model to the origina data

The forecast based on the fitted AR model
The dual data

The plot of sample ACF of the interpolated
data

The plot of the sample M-periodogram
The M-spectrum based on the Euler model
fitting the interpolated data

The forecast plot using the Euler model
Diagnostic plots for the AR model

12



Diagnostic for Euler Model: Diagnostic plots for the Euler model

C. Results Options
To specify options for the results to be displayed, click on the results tab in the dialog
box. Note, at this point thereis no difference between the short output and the long
output.

Fit an Euler Model to the Data 10| x|
b odel | Flots I Results |
Frinted Fesult —Save Data
v Short Output Digal Data Il:-atu:lual
[ Long Output Residauls (4R Model]

Il:uatarres
Rezidaulz [Euler) Il:-ateures|

Espart Dual |

0K | Cancel | apply | 1] o curent Help |

1. Dual Data
To savethe dual datain S-Plus, type in the name for the dual data, i.e. batdual, in
the Dual Data box.

2. Residuals (AR Moddl)
To save the residuals from the AR model in S-Plus, type in the name for these
residuals, i.e. batarres, in the Residuals (AR Model) box.

3. Residuals (Euler)
To save the residuals from the Euler model in S-Plus, type in the name for these
residuals, i.e. bateures, in the Residuals (Euler) box.

4. Export Dual
If you want to export the dual datato be used outside of S-Plus, click on the
“Export Dua” button. Browse to the folder to which you wish to export the dual
data. Typeinthedesired namefor thefile. Click “Open”. Thiswill export the
dual datain TXT format. Thefirst entry of the exported dataset will be the length
of the dataset.

Click OK to fit the mode!.

13



V. Generating arealization from a G(A\)-Stationary model:
This program can generate an equally spaced data set from a discrete G(A) model whose
dual processisan AR (p) process.

Example: Generate an equally spaced data set from a G(\) model with dual model
Y, —1.732*Y,_, +0.9*Y,_, =a,, offset 60 and A=0.5.

a). Under menu “GWS’, select G(A) Process and click “Generate Data”.

wsert | GwWsS  Daka  Statistics  Graph Options  Window  H
§| 3 Euler Process PL s | ®at | [y wam .[

3-lambda Process  # Generate Data

k.-filker Data Explorer

Fit Model

b). In the dialog box, input the parameters of the model and select the output.

Generate a Realization from a G-lambda Mode o ] [
Farameters | Flot I
— todel — Options
Coefficiants Coe - letigth 200

[ Input the Specific AR Cosfficient | | k IEI
s W ||| tambda [05

The wanance of white noise offset IEU
I-I |nterpolation m

[T SetSeed — Dutput

zeed 71E Save Data be Itest
Ewport Data |

[ ok | cancel | spp | 1 o curent Help |
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A. Parameter Options
1. Coefficients.
In the example, the coefficients of model are (1.732, -0.9). If you already have the
coefficients dataset in S-Plus, just type the name of the dataset, i.e. coein box.

2. Input the Specific ARMA Coefficient (optional).
When this box is checked, we can set the specific coefficients for both AR and MA
parts of the G(A\)-stationary model. The default value is unchecked.

3. ARand MA
The two buttons are only available when the box “Input the Specific ARMA
Coefficient” is checked.

Click the“AR” and input the first coefficient, i.e. 1.732 in the first line and the
second coefficient, i.e. —0.9 in the second line of the new dialog box. Close the new
dialog box. It issimilar to the button “M A”. If there is no coefficient in MA part,
then we don’t need click it.

Click the“Coe’ and input the first coefficient, i.e. 1.732 in thefirst line and the
second coefficient, i.e. —0.9 in the second line of the new dialog box. Close the new
dialog box.

1
1,73
-0.20

LN T 1 B T T Y L Y

4. Thevariance of white noise (required)
Specify the variance of the white noise process. The default valueis 1.

5. Set Seed (optional).
When this box is checked, we can set the specific random seed to generate the data.
The default value is unchecked.

6. Seed (optional)
The random seed can be any integer. Thefunctionisvalid only if “Set Seed” is
checked; otherwise, the seed will be randomly chosen.

7. Length (required)
Specify the length of the realization to be generated. The default value is 200.

8. h (required)

15



Specify the value of hin the model. The default valueis 0. If hisnot greater than
1, the computer will pick h. If you specify a specific value of h, it should be greater
than 1.

9. lambda (required)
Specify the value of A. The default valueis 0.5. A can be any number.

10. offset (required)
Specify the value of the offset. The default value is 60. The offset can be any
positive value.

11. Save Data As (optional)
This option lets you save the generated data, which you might usein S-Plus later,
asadataset in S-Plus. Input whatever name you want, i.e. test.

12. Export Data (optional)
Save the equally spaced datainto a TXT filein the computer. Click the button and
browse to the folder you to which you wish to export the equally spaced data.
Input the name of file, i.e. c:\gw\test.dat, and then click Open. The exported data
will be atxt file with the first entry equaling the total number of data points
exported.

el 1
Ln:n:nkin:l_j'GW j 2] = B~
= 1AUTO =arc ExE ] AIRWORK.DAT  [#]Coz,DAT
= 1REAL AIRFORZ AR1.COR (COZRES
= 1REAL. THE AIRLINE1 AR1.RES COZRES1
=) 154MP || AIRLINE.DAT ARESID (COZRESZ
=) 15PEC ATRLINE MOD ASPE COZRES3
s AIRLINER E Budss bt |®] COZRES.DAT
= s AIRRES |#] car dat ] COZRESI.DAT
=) AaUTO AIRSPE CMDIALOG.YEY [ cozsD
2
File narne: Itest.daﬂ m
Filez of type: I,-i'-.ll Files j Cancel |
A
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B. Plots Options

Select your outputs. Default isto output all results.

Generate a Realization from a G-lambda M =10] x|

Parameters | Plat

— [3-lambda &cf and G-lambda Spec

—Data
v G-lambda Data

¥ Dwal Data
¥ Sample ACF
I¥ Sample Periodogram

¥ Sample &R Spectum

V' Thearetical G-lambda ACF

¥ Theoretical G-lambda Spec

¥ Sample G-lambda ACF

¥ Sample G-ambda Periodogram

¥ Estimated G-4F 5pectum

k. I Eancell .-‘-‘-.pplyl

|<| :>| current Help |

G-lambda Data:
Dual Data:

Sample ACF:

Sample Periodogram:
Sample AR Spectrum:

Theoretical G-lambda ACF:
Theoretical G-lambda Spec:
Sample G-lambda ACF:
Sample G-lambda Periodogram:
Estimated G-AR Spectrum:

The equally spaced dataset.

The dual data of the shifted G(A) data.

The sample autocorrelation function of the equally spaced
data.

The sample periodogram of the equally spaced data.

The AR spectrum after fitting an AR model to the data.

Theoretica ACF based on the discrete dual.

Theoretical G(A\) spectrum.
The sample ACF based on dual data.

The sample G(A)-periodogram based on dua data.
The G(A)-spectrum of the fitted G(A) model.

After specializing parameters and plot options, click OK.
The program will give a short report and atwo-page plot by default.
If aname of the data set isgiven in Save Data As, i.e. test, S-Plus will generate a

dataset named test for the equally spaced data.
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V1. Fitting a G(A)-stationary model to an equally spaced dataset:
a). Under menu “GWS’, select G-lambda Process and click “Fit Model”.

werk | GWS Dakta  Statistics Graph  Options  Window H

%l s Euler Process PL 2 | mam | [y mam .|
B 5-lambda Process ¢ aenerate Data

k-filker Data Explorer

Fit Model

b) Input the data and parameters in the dialog box.

Fit a G-lambda Model ko the Data =10 x|
fdodel | Plats | Reszultz |
— Data Selection — kaodel E stimation

Lrata tesf - b aximurn Order |12—
Import Data | [ Set the Specific Orders

[ SetData SubSet AR Ordey |1|:|—

Data SubSet IW G-lambda |1EI—

— Offzet and lambda E ztimation kethod I Burg - I
offset [60 [ Input the Specific ARMA. Caefficient

larmbda ID.E P | Fl |

h ID — Forecast
Irterpolation ILinear vI Farecasting |L steps past the 'I
[ “alidation

Length |2EI
ok | cancel | appyy | 1 [ curent Help |

A. Model Options

1. Data: Input the name of the time series dataset, i.e. test, if it isalready in S-Plus. The
dataset can be a vector or matrix with one column. If the dataset hasn’t been imported
into S-Plus ye, please click the button “I mport Data” button and follow the directions
for importing data.

2. Import Data: The function is used when you want to import data from a datafilein
your computer. The function only supports TXT datafiles.

3. a) Set Data Subset

18



Check this box if you wish to analyze a subset of the data.
b.) Data SubSet
Enter the range of the data you wish to use from lowest to highest, separated by a
colon.

4. Offset
This function allows us to set the specific offset, which we might get from other
methods (Data Explorer). The default is 60.

5. lambda You can specify the value of A, which we might get from other methods
(Data Explorer). Thedefault is0.5.

6. h You can set the specific sampling rate. The default value is 0, which means that the
computer will help you pick asampling rate.

6. Interpolation For now thereis only one option for interpolation, linear.
7. Maximum Order  Set the maximum order for both AR and G(A)-stationary model.

8. Set the Specific Ordersfor models
Y ou can specify the orders for the models. Set the specific orders for AR and
G(M)-stationary models respectively. The function isvalid only if “ Set the Specific
Order for models’ has been checked.

9. Estimation Method
Y ou can choose the estimation method you prefer for estimating the coefficients of
the model. The options are Burg, Yule-Walker and MLE. The default is Burg.

10. Input the Specific ARMA Coefficient (optional).
When this box is checked, we can set the specific coefficients for both AR and MA
parts of the G(A)-stationary model.

11. AR and MA

The two buttons are only available when the box “ I nput the Specific ARMA
Coefficient” is checked.

Click the“AR” and input the first coefficient, i.e. 1.732 in the first line and the second
coefficient, i.e. —0.9 in the second line of the new dialog box. Close the new dialog box.
It issimilar to the button “MA”. If there is no coefficient in MA part, then we don’t need
click it.

10. Forecasting, Validation and Length
There are several optionsin for forecasting. The default option is forecasting. If you
want to use validation, check the validation box and input the length (L) for
validation. The validation method leaves the last L data points out of the estimation
procedures. If you uncheck the validation option, you will have three types of
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forecast methods to choose. These are “L steps past the end”, “Last L step”, and
“Last L step update”.

. Plots Options
To specify which plots you would like to create, click on the “Plots’ tab of the dialog

box.

Estimated G-lambda AR Spectrum:

Fit a G-lambda Medel to the Data

tadel Plats

Rezultz

— Original Sample
v Original Data

¥ Sample ACF
¥ Sample Periodogram
v Estimated AF Spectum

v AR Forecast Plot

=101 x|

— Interpolated Sample
v Dual Data

¥ Sample G-lambda ACF

¥ Sample G-lambda Periodogram
Iw Estimated G-4F S pectum

¥ G-lambda Forecast

— Diagnostics
Iv Diagnostics for &R Model

¥ Diagnostics for G-lambda Model

ak I Ear‘u:ell .ﬁ.ppl_l,ll |<| >| et

Help |

Original Data:
Sample ACF:

Sample Periodogram:
Estimated AR Spectrum:
AR Forecast Plot:

Dual Data:

Sample M-ACF:

Sample G-lambda Periodogram:

G-lambda Forecast Plot:

The plot of the original data

The plot of sample ACF of the origina
data

The plot of sample periodogram of the
original data

The plot of spectrum based on the best
fitted AR model to the origina data

The forecast based on the fitted AR model
The dual data

The plot of sample ACF of the interpolated
data

The plot of the sample G(A)-periodogram
of the interpolated data

The G(A)-spectrum based on the G(A)-
stationary model fitting the interpolated
data

The forecast plot using the G(A)-stationary
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model
Diagnostic for AR Modd: Diagnostic plots for the AR model
Diagnostic for G-lambda Model: Diagnostic plots for the G(A)-stationary
model

C. Results Options
To specify options for the results to be displayed, click on the results tab in the dialog

box. Note, at this point there is no difference between the short output and the long
output.

Fit a G-lambda Model to the Data -0 x|
M odel Plots Rezultz |
Frinted Result —Save Data
v Shart Output Dual Data Itestdual
[ Long Output Fiesidauls [4F Madel]

Itestarres

R esidauls [G-lambda]

Itestglred
E wpart Dual |

ok | cancel | appy | 1 [ curent Help |

1. Dual Data
To save the dual datain S-Plus, type in the name for the dual data, i.e. testdual, in
the Dual Data box.

2. Residuals (AR Model)
To save the residuals from the AR model in S-Plus, type in the name for these
residuals, i.e. testarres, in the Residuals (AR Model) box.

3. Residuals (G-lambda)
To save the residuals from the G(A)-stationary model in S-Plus, type in the name
for theseresiduals, i.e. testglres, in the Residuals (G-lambda) box.

4. Export Dual
If you want to export the dual datato be used outside of S-Plus, click on the
“Export Dua” button. Browse to the folder to which you wish to export the dual
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data. Typeinthedesired name for thefile. Click “Open”. Thiswill export the
dual datain TXT format. Thefirst entry of the exported dataset will be the length
of the dataset.

Click OK to fit the moddl.
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