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Abstract

Free Software offers people the freedom to share or change the software. By accessing the
source code. people can adapt or modify the sofiware to meet their special needs. This
facilitates research, education and business. However, adding special purpose functions to
Free Software is still a big challenge for developers. Though some software packages
provide functions that have potential utility for certain needs, these functions might not be

directly used or are very difficult to use, especially by students.

This thesis aimed to provide developers with some feasible approaches to assisting novice
users. It attempts to add forecasting functionality and easy-to-use user interface to different
types of software packages, such as R and Scilab. Several example interfaces are
impiemented in multiple programming languages (such as Perl, JavaScript and HTML) on
the Windows and Linux platforms. We conducted analyses on the attempts made and the
lessons learned in these implementations. This provides prototypes and caveats for further
efforts, which may have relevance to effectively exploiting Free Software, especially for

online teaching.
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Chapter 1 Introduction

Since the 1980s, Free Software has played an important role in promoting the development
and distribution of software. It has fundamentally changed the way software can be
produced and distributed. According to the definition given by the Free Software
Foundation (FSF) (undated-a), Free Software is software that users can run, redistribute,
adapt and improve without limit. This means that users may freely access the software and
the source code. They can learn and make use of new computer techniques. They can make
modifications to meet their special needs. They can also learn and reference programming
skills from the wide variety of source code. Meanwhile, the broad user community greatly
helps with testing and suggestions for the development of Free Software. Thus, Free
Software benefits both users and developers.

As forecasting is one of our main research interests, we would like to take it as an
example of users’ special needs. Users may want to conduct an analysis via a certain
forecasting method, which is not provided by their proprietary software packages in hand.
Since proprietary software does not offer users the source code, users cannot make their own
modification. In this case, developers can make use of Free Software to meet users’ need by
modifying the source code. Today more and more people devote their attention to Free
Software and take advantage of it. They learn, use or improve Free Software. This
facilitates research, education and business.

However, the modification of Free Software is not always easy and convenient. In the
above case, developers often encounter some difficulties when adding forecasting
functionality to free scientific or statistical softiware. They may find built-in functions that
can be directly used for that forecasting method. Or the user interface provided by the
software package is too difficult to be used by novice users. (We note that provision of
interfaces to proprietary software may also be useful in this respect.) Sometimes the
documentation is not very detailed or systematic. Sometimes it is difficult to find a large
number of examples to show how to use the computational resources step by step. These

kinds of problems exist widely in free as well as proprietary software.



This thesis aimed to look for feasible and effective approaches to solving the above
problems. It attempted to explore the key issues in adding special purpose functions to
different types of free scientific or statistical software packages by adding forecasting
functionality, creating an easy-to-use user interface and conducting analyses on these
attempts.

The statistical software S-Plus and the scientific software Matlab are very popular
proprietary software products, especially in educational institutions. R and Scilab
respectively are viewed as their counterparts in the Free Software community and have
established the wide base of users. We believe that the research based on these packages
could be representative. Hence the thesis used R and Scilab as examples and created several
interfaces for them. These interfaces were implemented in multiple programming
languages, such as Perl, JavaScript and HTML, on the Windows and Linux platforms.
These example interfaces may assist novice users to learn forecasting techniques or
computational languages.  Most importantly, this research attempted to provide
programmers with prototypes to build working interfaces to computational tools. The
lessons learned in designing and implementing these interfaces could be helpful for further
efforts in this field. This may improve computer assistance for online teaching and promote

the dissemination of Free Software.
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Chapter 2 A Brief Review of Forecasting Methods

This chapter introduces the importance of forecasting, gives one kind of classification of
forecasting approaches and reviews three main forecasting tools related to the thesis. The
purpose of this chapter is to provide our perspective on forecasting, since tools within
software may have facilities with similar names and acronyms that in fact take a very
different viewpoint and may not do what we want. In other words, this chapter states our

forecasting technique requirements for the end-product seen by the user.
2.1 Need for Forecasting

Since people live in an uncertain world, the future remains more or less obscure. We cannot
exactly know whether it will rain tomorrow, or whether the price of a stock will rise next
week. This uncertainty makes it difficult for people 1o make decisions. Should we plan a
camping trip tomorrow, or should we invest in a stock next week? In order to make
intelligent decisions, people have to predict the future events, that is, forecast.

Besides individuals, organizations of all kinds increasingly depend for their planning
on forecasting. The government of a country needs to predict the population growth rate,
the unemployment rate and the economic growth rate in order to formulate appropriate
policies (Bowerman and O'Connell, 1987). A factory needs to predict the market demand
and the price of materials in order to plan its production. High-quality forecasting means a
lot to organizations. both in the short and long term.

Forecasting has played an increasingly important role in the activities of governments
and other organizations. This is due mainly to the rapid development of society. The
economy, politics and technology evolve rapidly. Meanwhile, the structure of society and
the relationships among elements in the society become more complex. Moreover,
organizations have to react quickly to the changing environment. This should encourage
organizations to view forecasting as a very important activity.

Fortunately, computers have provided critical facilities for improving the quality of
forecasting. The rapid development and the complexities just discussed imply the need to

manipulate large amounts of data. Computers make advanced quantitative techniques
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possible and efficient. This not only expands the application scope of forecasting, but

should also increase the accuracy and reliability of forecasting.

2.2 Approaches to Forecasting

Existing forecasting approaches are generally grouped as being either quantitative or
qualitative. Quantitative approaches are based on the manipulation of mainly numerical
data. In contrast, qualitative approaches involve the use of forecasters' judgment or opinion
(Hanke and Reitsh, 1998). Both approaches are widely used, and good forecasting involves
both of them.

We can classify quantitative approaches as time series techniques or causal techniques.

A time series is a set of observations, indexed by time (Newbold and Bos, 1990). The
time series techniques assume that certain patterns exist in the observations and that the past
patterns will repeat in the future (Makridakis and Wheelwright, 1987). In other words, the
data patterns will be preserved with the evolution of time. The time series techniques
include naive or ad hoc methods, exponential smoothing, decomposition, ARIMA and other
methods. In the next section, three major techniques will be further explained.

In contrast, causal techniques are based on the relationships among various factors
(Makridakis and Wheelwright, 1987) and assume that these relationships will not change in
the future. These techniques attempt to seek explanatory factors and discover how the
factors interact with each other. The behavior of factors will be projected into the future to
develop predictions. Regression methods are the most common examples.

In some situations, qualitative approaches must be relied on to make forecasts. For
example, there might be little or no relevant historical data that are available. Then the use
of good judgment might become essential to the forecasting. Sometimes these techniques
are called judgmental forecasting. Delphi, growth curves and scenario writing are some of
popular qualitative methods, though it is clear that growth curves are exirapolated using
numerical computations.

We present a simple graph (Figure 2.1) to illustrate the above classification, which is
based on an idea of Newbold and Bos (1990, Chart 1-2 "A Taxonomy of Forecasting
Approaches/Methods").
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Figure 2.1. Classification of approaches to forecasting

2.3 Some Important Forecasting Tools

We begin with some basic notation and terminology.

1. Basic notation

e t the time index, used to identify a time point or time period during which
measurements are made.

. Y(t): the actual value of a quantity of interest Y at time point t (or time period t); the
sequence Y (1), Y(2). ... makes up the time series.

e F(t): the forecasted value of Y(t).

. e(t)=Y(1)-F(t): the residual, sometimes referred to as the “error’™.

. S(1): the value of the smoothed series at period t (or called smoother).

e  AR: the autoregressive parameters.

e SAR: the seasonal autoregressive parameters.

e  MA: the moving average parameters.

e  SMA: the seasonal moving average parameters.

. B: the back shift or lag operator such that B Y(t)=Y(t-1) and Bm Y(t)=Y(t-m).

w



2. Terminology

e  Time series: A time series is a sequence of measurements of some numerical quantity
made at or during successive periods of time (Farnum and Stanton, 1989).

. Model: A model is a mathematical description of the process which generates a given
time series (Famum and Stanton, 1989).

e  Sample autocorrelation function (ACF): The sample autocorrelation function refers to
a function of sample autocorrelation at lag k (k=1,2, ...) (Bowerman and O'Connell, 1987).
Consider a (original or transformed) time series Y(b), Y(b+1),..., Y(n). The sample

autocorrelation at lag k, denoted by r(k), is

n=k

S YO -V +k)-Y)
r(k) ="

S vw-7y
=h

where,

iY(r)

;’: 1=h
n—=b-1

e  Sample partial autocorrelation function (PACF): Similar to sample autocorrelation

r(k), the sample partial autocorrelation r(k.k) at lag k (Bowerman and O'Connell, 1987) is

) if k=1
ko) = 3
r(k.k) r(k)_‘z’r(k—l,j)r(k—j)
J=1 lf k=2.~39"'

k=1
1= r(k=1))r(j)
J=1

where,

r(k, j) = r(k =1, j)—r(k.K)r(k =1k = j) for j=1,2,....k-1

2.3.1 Winters’ Smoothing Method

"Exponential smoothing is a forecasting technique that attempts to ‘track' changes in a time

series by using newly observed time series values to 'update’ the estimates of the parameters



describing the time series” (Bowerman and O'Connell, 1987). The approach weights each of
the observed time series values unequally, with more recent observations being weighed
more heavily than more remote observations. This unequal weighting is achieved through
one or more smoothing constants, which determine how much weight is given to each
observation.

Winters® smoothing method is one of exponential smoothing methods. Since it is
based on Holt’s smoothing method, some people also call it Hok-Winters’ smoothing
method. It can be used to forecast time series that show trend and seasonality. We smooth
the level of the series by the formula (Nash and Nash, 2001):

SO =a=Y0)/I@-L)+(1-a)*St=1)+b(z-1)
where:

S(1) 1s the value of the smoothed series at period t (or called smoother);

Y(t) 1s the actual value at period t;

L is the length of seasonality, that is, the number of periods in a cycle:

b(t) 1s the trend smoother and b(¢) =y *(S(#) =S -1)+(i—-y)*b(r-1);

I(t) is the seasonal smoother and /(1) = B*Y(1)/S@)+(Q-B)*I(t—L).

Here, o, B and vy are the smoothing constants, with values between 0 and 1. Thus, the
k-period ahead forecast is calculated:

F+k)=(SO)+k*b@))*I(t—-L+k)

Note that notation may differ in different books. Some books use f§ as the smoothing
constant for the trend smoother and v for the seasonal smoother (see Hanke and Reitsch,

1998).
2.3.2 Classical Time Series Decomposition

This approach assumes that every time series is composed of a number of component parts.
The classically defined component parts are trend (T), cycle (C), seasonal variations (S), and
rregular fluctuations (I).

Trend (T) refers to the upward or downward movement of a time series over a period
of time (Bowerman and O'Connell, 1987). Thus, it reflects the long-run growth or decline in

the time series.



Cycle (C) refers to recurring up and down movements around trend levels (Bowerman
and O'Connell, 1987). These fluctuations take place over a period of years. The length of
time measured from peak to peak or from trough to trough may be not fixed.

Seasonal variations (S) are periodic patterns in a time series within a calendar year
(Bowerman and O'Connell, 1987). Such fluctuations repeat year after year. Seasonal
variations are usually caused by factors such as weather and social customs.

Irregular fluctuations (I), or random errors, represent the left-over movements in a time
series after trend, cycle, and seasonal variations have been accounted for (Bowerman and
O'Connell, 1987). Such movements are erratic movements that follow no regular pattern.

The four components may be independent of all of the others, also called additively
related; thus the behaviour of the series is simply the sum of its parts. Or the components
may be not completely independent of one another, that is, multiplicatively related.

Additive model: Y=T+C+S+1/

Multiplicative model: Y =T *C*S*/

The classical techniques used to decompose time series is the "ratio to moving
average" which identifies both seasonality and cyclical behaviour so that the former may be
removed and the latter isolated for other purposes. The method assumes a multiplicative
model:

YO =T@)*C)*S)Y*1@)

The following explanation is based on the ideas of Nash and Nash (2001, chapter 14).

The first step is to compute centred moving averages with the length of seasonality, L.
The moving averages, donated by M(t), contain trend and cycle, because seasonality and
error should be eliminated or "averaged out".

M@)=T®)*C(@)

Secondly, divide the time series by the moving averages and get the ratio of actual-to-
moving averages.

Y(t) _T()*C(D)*S()*1(7)
M@ T()*C(1)

=5@)*1(1)

Then, average the resulting values corresponding to the same season and obtain the

seasonal factors by separating errors.



Next, divide the time series by the appropriate seasonal factors and get the
deseasonalized series, denoted by D(t).

_YO) _TO*COH*SOH* 1)

b= S@) S@)

=T@)*C@)*1(t)

From the deseasonalized series D(t), compute the trend line T(t) via simple linear
regression.

Next step: divide the deseasonalized series D(t) by the trend T(t) to get the preliminary
rregular series.

%= C(0)* 1(1)= 7"(—3),_5%('5

Thus, the forecasting model with C(t) is

F)=T@)*S@)*C(r)

Figure 2.2 presents the basic steps employed in the decomposition procedure, which is
based on the ideas of Nash and Nash (2001, p184-186).
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v
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Figure 2.2. The procedure of classical time series decomposition (based on the ideas of
Nash and Nash {2001, p184-186]).

2.3.3 Simple ARIMA Modeling (via the Box-Jenkins Approach)

ARIMA stands for Auto-Regressive Integrated Moving Average. Following the suggestion
of John C. Nash, I took the notation used by Minitab and other software to work with
ARIMA models.
In general, a simple ARIMA model is specified by means of an expression of the form:
ARIMApdqPDQL
Where,
the parameters p. d, q define the non-seasonal part:
p is the number of autoregressive parameters;
d is the degree of differencing;

q 1s the number of moving average parameters;
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the parameters P, D, Q, L define the seasonal part:
P is the number of autoregressive parameters;
D is the degree of differencing;
Q is the number of moving average parameters;

L is the length of one season.

It is initially written down (Nash and Nash, 2001):

a- i SAR,B™)(1-B*)"(l —i AR B’)(1-B)"Y (1)
i=t =

0 q
=u+(1-Y SMA4,, B™)(1-Y M4, B )e(r)
m=| k=]

The Box-Jenkins technique, developed by George Box and Gwilym Jenkins, relies
heavily on the use of three familiar time series tools: differencing, the autocorrelation
function (ACF), and the partial autocorrelation function (PACF) (Box and Jenkins, 1976).
The basic stages in the Box-Jenkins procedure include tentative identification, estimation,
diagnostic checking. and forecasting. Figure 2.3, based on Hossein Arsham’s chart
(Arsham. 1996), shows the iterative procedure. Firstly, if necessary, we make a time series
stationary by differencing it and compute an ACF and PACF to tentatively identify a model.
Then we estimate the model parameters. After that, we use diagnostic tests to check
whether the model is adequate. If the model proves to be inadequate, we return to the step
of identification and improve the model. Once a final model is determined, we use it to

forecast future time series values.
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Chapter 3 The Research Question

This chapter explains the classification and advantages of Free Software, and introduces two
free scientific or statistical packages, R and Scilab. Then the difficulty in using the two
packages is presented to show how the research question arises and why it is worthwhile to

be discussed. These are used to justify the research.
3.1 Free Software

In the community that advocates freely distributing software in source code format, there are
many discussions on choosing "Free Software" or "open source software" as the term used
to refer to their software. The above terms refer to more or less the same thing. Bruce

Perens of the Open Source Initiative explained this situation as follows:

“Free Software as a political idea has been popularized by Richard Stallman since
1984. when he formed the Free Software Foundation and its GNU Project. Stallman's
premise 1s that people should have more freedom, and should appreciate their freedom.
He designed a set of rights that he felt all users should have, and codified them in the
GNU General Public License or GPL. Stallman punningly christened his license the
Copyleft because it leaves the right to copy in place. Stallman himself developed
seminal works of Free Software such as the GNU C Compiler, and GNU Emacs, an
editor so alluring to some that it is spoken of as if it were a religion. His work inspired
many others to contribute Free Software under the GPL. Although it is not promoted
with the same libertarian fervor, the Open Source Definition includes many of

Stallman's ideas. and can be considered a derivative of his work.”(Perens, undated)

In this thesis. the term "Free Software" defined by Free Software Foundation (FSF) is
chosen and some related terms such as commercial software and proprietary software will be

briefly explained.



3.1.1 Classification of Software and Related Terms

The following classification is based on the categories and the definitions of the FSF.

According to whether users can freely own a copy of software, we can classify all
software in two categories: Free Software and proprietary software (Figure3.1). According
to the FSF’s definition, Free Software is software that users can run, redistribute, adapt and
modify without limit. By contrast, proprietary software is software whose use, redistribution
or modification is prohibited, or requires users to ask for permission.

There is some confusion between proprietary software and commercial software. They
are not the same thing. Commercial software is software whose developer aims to make
money by selling it. Some commercial software products are proprietary, but others are

Free Software.

Free Software

Proprietary software

i

Non-commercial Commercial
software software

Figure 3.1. The classification of software (based on Categories of Free and Non-Free
Software by FSF)

3.1.2 Advantages of Free Software

According to the definition given by the FSF, Free Software is free of intellectual property
claims. The word "free" refers to freedom, not to price. The freedom for the users of a
program includes freedom to run, redistribute, adapt and improve the program without limit.

Free Software brings four main advantages to society as a whole.



1. Users may usually access Free Software without payment.

Any user, person or organization, can usually install and use Free Software for any purpose
without the need to ask or pay for permission (FSF, The Free Software Definition). Users
are also free to redistribute copies, even sell copies, as long as the source code is accessible.
To get copies of Free Software by mechanisms such as FTP and CD-ROM, people may have
to pay, although they can download most Free Software from web sites without charge.
Though time consuming, it does not cost anything beyond connection charges. To obtain
large amounts of software by CD-ROM. people may generally only pay for the physical disk
and shipping. This manner of distribution allows wide access to Free Software.

As for proprietary software, people have always had to pay for the use of a package,
whether or not it meets their needs. Without payment, they do not have use of the package.
But even if they do pay. it may turn out to be unsuitable, yet many licensers refuse refunds.
One can argue that the total contribution of a package to all of society has increased by
making it "free".

2. Users can access the source code of Free Software.

Having a copy of the source code, users can make necessary changes and adapt the program
to their own needs. This means they can use the source code for reference and base further
work on it. Thus, on the basis of an existing program, one user can rewrite parts to add a
feature and then another one may continue to rewrite parts to add yet other new features.
The evolutionary approach makes software development more efficient and productive.
This is the most important advantage of Free Software.

Users of proprietary software cannot do this. Usually they are not allowed to have
copies of the source code. What they actually own is only the executable files or possibly
only the right to run them on particular machines even after they buy the files. They cannot
add favorite features or do any modification. Even if users just want to fix small problems
or make little improvements, they must wait until the developer publishes a patch or they

have to re-program from scratch. This inevitably results in duplicate development effort.



3. Free Software benefits education and training.

On the one hand, browsing, studying and modifying a variety of source code is a good way
for students and novices to learn useful programming skills. But generally they cannot see
the source code of proprietary software. Thanks to Free Software, they can access a vast
amount of source code, examine all kinds of programming styles and study intensively the
sophisticated skills of writing codes. They may become mature developers more quickly.

On the other hand, most Free Software packages are zero-cost, which can improve and
promote computer assistance for teaching. Due to the high price of commercial software,
many students and educational institutions cannot afford it. This is true especially for those
in developing regions and countries. Table 1 presents the current price of several popular
scientific or statistical software packages. Most of the prices are for the base versions. It is
easy to see that these software packages are very expensive. Though cheaper, some

academic versions do not cover full features or have a limitation of use time.

Table 1: The price of several popular scientific and statistical software packages (in SUS)

Software
MATLAB SAS S-Plus Minitab
Type
Commercial | $1900 $30-$120° $1779.95° $1195
version (version 6.5) (version 8.2) (version 13)
Academic $99 $125 (learning | Free (one year | $99.99
version (version 6) Edition 1.0) limited) (version 13)

%: the annual price

®: from the price list of Dynacomp Software

Thanks to Free Software and the Internet, advanced techniques and useful information
can be freely accessed with little or no payment. Today many educational institutions take
full advantage of Free Software, even in developed countries. There are some universities
that use R as their lab software. As an example, the web site of the Department of Statistics

& Actuarial Science, University of Waterloo, Canada writes:
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“At Waterloo, we encourage users to use R, as there are no restrictions on the number
of users or installations. With Splus, a maximum of 50 simultaneous users at UW are

permitted.”

R seems more welcome for professors and students at University of Waterloo.

4. Free Software also benefits developers.

Making a software project free is an effective solution to growing the user base. Today
more and more developers of sofiware realize that a broader user community greatly helps
with testing and suggesting improvements. This makes the software testing and refinement
process faster and better. Benefiting from all kinds of suggestions from users, the

developers can develop the project to its full potential. It also means higher-quality software

for users.

5. Free Software permits users to have a stable software base.

Software vendors of proprietary products may impose requirements on users that are
inconvenient or costly. Forced to accept an “upgraded” package, users often face such
Inconvenience as rising price and changing features. Sometimes add-on materials no longer
work. This makes users feel restrained. On the contrary, Free Software offers users the
freedom to share or change the software. Users can use or distribute Free Software as long
as possible. There is no worry about expiration of the use. If necessary, they have the

source code to work with. Free Software gives them a measure of control.

Now let us examine an example of how Free Software affects society. Linux may be
the most prominent example among Free Sofiware. Linux is an operating system whose
kernel was written by Linus Torvalds, a student of University of Helsinki in Finland (Linux
online, undated). It is developed under the GNU General Public License and the source
code is freely available. Of course, the distribution may be not free. Some companies and
developers may charge money for them. Due to the features of free availability, strong

functionality and outstanding reliability, Linux has become quite popular and a vast number



of programmers have taken the Linux source code and adapted it to meet their individual
needs (L
inux online, undated). The success of Linux encourages more people to become

mvolved in Free Software.
3.1.3 Free Scientific and Statistical Software

There exist hundreds of free scientific and statistical software packages. R and Scilab are
two powerful and popular packages. They share a heritage with the proprietary packages S-
Plus (for R) and Matlab (for Scilab), so there is a wide, established base of users. Given
their wide applicability to many problem classes, this thesis takes these two packages as

examples upon which to base the research.

3.1.3.1R

R, a GNU project for statistical computing and graphics, is available in source code form. It
was initially created by Robert Gentleman and Ross Ihaka of the University of Auckland,
New Zealand. Its language and environment is similar to that of S that was developed at
Bell Laboratories (formerly AT&T, now Lucent Technologies) by John Chambers and
colleagues (Venables and Ripley, 1994). It provides a wide variety of statistical methods
(linear and nonlinear modelling, classical statistical tests, time-series analysis, classification,
clustering) and graphical techniques. R compiles and runs on a wide variety of platforms
including UNIX, Linux, Windows and MacOS.

The R environment is a system that provides high-level graphics, interfaces to other
languages and debugging facilities. Its facilities include data manipulation, calculation and
graphical display. R can be easily extended via add-in packages. There are many such
packages that cover a very wide range of modern statistics.

The R language is considered a dialect of S. It is a functional programming language
with control-flow constructions. It allows users to add new functionality by defining new
functions and calling C. C++ and FORTRAN code at run time.



3.1.3.2 Scilab

Scilab, developed at the French National Institute for Research in Computer Science and
Automatic Control (INRIA), is an open source (but not strictly Free Software under the FSF
definition) scientific software package for numerical computations. It is also considered a
powerful package for system control and signal processing applications. It has a user-
friendly environment and many features similar to MATLAB. MATLAB is not distributed
free.

Scilab consists of three main parts: an interpreter, libraries of functions and libraries of
FORTRAN and C routines. (see Scilab home page, http://www-rocq.inria.fr/scilab/ ). It
includes the environments for open programming, modeling and simulation of dynamical
systems and network analysis.

Scilab provides a high-level programming language. The syntax is similar to that of
Matlab. A key feature is that it allows users to manipulate numerical matrices and complex
objects such as rational or polynomial transfer matrices. It is easy to create functions and
libraries of functions. For example, functions are treated as data objects and can be passed
as input or output arguments of other functions. Scilab can be interfaced with C or

FORTRAN programs, allowing users to access the libraries of Scilab.
3.2 The Research Question

Some proprietary scientific or statistical software packages provide easy-to-use user
interfaces for time series modeling. However, they may only provide a limited number of
forecasting methods. For example, users of S-Plus cannot conduct forecasting analyses
using the Time Series Decomposition (TSD) method on the menu-based interface.
Knowledgeable users can write functions for TSD using the S language, and they could even
provide an interface to S-Plus for this purpose. However, the next version of S-Plus could
render this inoperative. In such situations, Free Software (in this case R), allows us to
maintain our capability. Moreover, if absolutely necessary, we can work with the source
code.

However, the task of adding special purpose functions to free scientific or statistical

software is not always easy. These special functions could be forecasting, optimization or



other such tasks. To complete such tasks using R or Scilab as the basis, developers may

encounter the following difficulties, which we illustrate with reference to forecasting.

® Ror Scilab lack functions for traditional forecasting.
There is a plug-in package for time series in R. The s (time series) package has a number of
functions for modeling and plotting time series. It defines a type of object for time series.
Time-series objects, like other objects such as function, can be manipulated as data. The
package provides the ARIMA method, the Holt-Winters’ method and the classical
decomposition method for fitting time series. Since R is not software specifically intended
for forecasting, it does not provide all prediction functions for the above three methods. For
example, the package has the function decompose( ) which computes time series
decomposition filtering for a given time series, but lacks a corresponding function for
forecasting. Users cannot conduct a forecasting task via the time series decomposition
method using built-in functions. Since the decomposition method is one of the main
forecasting tools in general use, forecasters will find R inconvenient without this facility.

As for Scilab, it has no function for Winters’ smoothing or classical time series
decomposition. It does have an ARMA library for system identification, but it aims to
simulate an ARMAX (Auto Regression Moving Average with eXogenous variables) process

rather than to forecast (Scilab Group, undated).

e There is not an easy-to-use interface.

The current user interface of R or Scilab can only provide rather simple menu choices such
as loading source files, loading packages and saving log files. Most manipulations have to
be completed with command lines. For proficient programmers, this should not be very
difficult. For novices, however, it is very difficult and frustrating, especially if they do not
always know what commands they should use. To make forecasts, a user may need to load
the observed data, convert the data to a time-series object, choose parameters for modeling
and plotting functions, save corresponding outputs, and feed these back into the prediction

tools. Without a graphic interface, these operations always confuse novices.



e The documentation is not very detailed or systematic.

There are three kinds of help systems in R or Scilab. One help system for searching
information on functions can be invoked from the command line. One help system for
manuals can be accessed from the Help item on the main menu. The other help system for
mailing list archives can be accessed from the respective web sites. Though the above
systems do provide good help facilities, it is still a difficult and time-consuming job for
developers to look for information that should be "obvious". For example, developers
wanting to know about data types defined in R have to read manuals or search in mailing list
archives. Very often they cannot find exact information. The author faced this kind of

situation when learning the basic manipulations of R. It was frustrating and tedious.

e Itisdifficult ro find a large number of examples of usage.

Except for the help files and the manuals edited by the development teams, there are only a
limited number of tutorials written by other people. Developers cannot find enough
examples when they learn how to use functions. When the author learned how to invoke R
from the Windows command line, she could only find one simple example. But she still
could not discover how to set the parameters. This was resolved by working with her
supervisor, Dr. John Nash, over several weeks.

Though some publications about S may be helpful, R is not exactly S. They have
distinct differences in some aspects. As far as scoping is concerned, "whereas S (like C) by
default uses szaric scoping, R (like Scheme) has adopted lexical scoping” (Hornik, 2002).
As for the modeling code, there are some differences to which users may have to pay
attention. Here is a simple example (Homik, 2002) to regress y on x*3. In S the command
1s Im(y~x"3); while in R, the command is Im(y~I(x"3)). In addition, there are actually some
differences resulted from incorrect coding in R.

This is also true for Scilab. R and Scilab are not the only software packages that have
the above disadvantages. Many or even most Free Software products have similar problems.

We aimed to look for effective approaches to help developers to solve these problems.



3.3 Objectives of Implementations

To find feasible approaches to solve the above problems, the author designed and
implemented several example interfaces for R or Scilab. These interfaces aimed to provide

the following general functionalities.

e The core computational and graphical tools for forecasting with time series models
based on R or Scilab.
Specifically speaking, we want to allow users to do the following work:
* Loading data from external text files;
= Fitting the data via such methods as Holt-Winters’ smoothing, time series
decomposition or ARIMA modeling;
* Making forecast on the basis of the above models:

* OQutputting computation results and graphics.

® An easv-to-use graphical interface to the tools in R or Scilab.
The interfaces assume that users have some familiarity with time series models, but require
no knowledge of the R or Scilab language.

The interface can facilitate and simplify the operations for forecasting. With the aid of
the interface, users may perform forecasting easily and efficiently without any worry about
how model-fitting or forecasting functions are implemented. What they need to do is to
check radio buttons or checkboxes, type several numbers in textboxes and click a button to
invoke an operation. They can choose a data file as input either from a floppy disk or a hard
disk. They can enter relevant parameters of models such as model type and smoothing

weight. They can also choose favourite data and/or graphics as output.

e Didactic support to the interface.
The interface can also provide supporting information to explain the methods, tools, or
motivations. When users need to make choices among checkboxes or radio buttons, they

may get corresponding supporting information. When they want to know about forecasting



techniques, they may find some explanations. By doing so, the interface is friendly and

helpful for users.
3.4 Significance of the Research

This research should have relevance to users who wish to forecast, to educators and students

of forecasting and to the community associated with Free Software.

. The example interfaces assist novice users to learn forecasting technigques or new
computational languages. .

The graphical user interfaces simplify the use of Free Software for forecasting by providing
supporting information and other directive mechanisms such as log files. This may be
helpful for novice users. Providing supporting information makes setting model parameters
easier. Users only need to follow conductions shown on the interfaces. For some people
who wish to learn new computational languages, log files can be beneficial. By reading log
files, they can learn how to write forecasting functions or generate text or graphical outputs
step by step. In this way, users may become familiar with manipulations and languages

readily and quickly. They may get encouragement to keep learning.

. The thesis provides prototvpes or models showing how to adapt and modify Free
Sofrware.

We illustrate how to design and implement working interfaces to free computational tools
for forecasting tools. We recorded the attempts made and conducted analyses on the lessons
learned. Several prototypes or models of adding special purpose functions to Free Software
are provided. The solutions and suggestions may help other people for continuing efforts in

this field.

° The examples show how to provide special features useful in online teaching.
Online teaching allows disadvantaged students to establish connections to the rest of the
world and get opportunities to study advanced scientific techniques. It plays an increasingly

important role in education in both developed and developing areas of the world.

~
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By building our examples on Free Software we indirectly promote its use. This may
provide useful solutions and references for online teaching and/or the use of computation in
forecasting and related courses. More generally, the approaches suggested here can be

applied to other tasks for improving and adapting Free Software.



Chapter 4 A Web-based Implementation: RForecast

In order to find feasible and effective approaches to answering the research question, the
author implemented several example interfaces for R and Scilab. This chapter describes the
design and implementation for the RForecast interface, which is used to conduct forecasting

analyses using R as basis.
4.1 Analysis and Design

As discussed in Section 3.3, the example interface aimed to provide users with three
functionalities:

e  The core computational and graphical tools for forecasting with time series models;

e  An easy-to-use graphical interface to the tools:

e  Didactic support to the interface.

R has powerful and flexible statistical and graphical functions, so we can implement
the computational and graphical tools using the R language. Aside from the R built-in
functions, we need to write some functions, such as the prediction function for the Time
Series Decomposition method, in the R language.

As for the graphical user interface (GUI), we may choose either a local or web-based
GUI. Since the thesis attempted to provide solutions and references for online teaching, it
would better if the interface were web-based. Users can browse and conduct forecasting
analyses using a web browser via the Internet. They do not need to install the interface
locally on their own computers, a great convenience.

R can be invoked in batch mode, which we can use as a mechanism to interact between
the web server and R. To make the interface easy-to-implement and widely applicable, a
simple and effective interactivity mechanism, the Common Gateway Interface (CGI) is
chosen.

CGI is a programming interface to communicate between a web server and back-end
applications. It is a standard method or convention to process data passed from the client

(that is, the user's web browser) to the server using Hypertext Transfer Protocol (HTTP)

[
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(The Computer Technology Documentation Project, undated). This standard is supported by
almost all browsers (Shiran, Yehuda and Tomer 1998).

In this case, the CGI programs provide for the following functions:
. They process data entered by users. When users enter parameters related to loading
data, fitting data or making forecasts, and then click a Go button, the web browser will send
the data to the web server. The web server then communicates with the CGI programs to
process the data received from the client.
. They call functions in the R package. CGI programs copy the content of the data file
to a text file on the server and create corresponding R command files that call functions in
the R package. R will be invoked in batch mode and R command files will be run on the
server.
e They convert one graphic format to another. Running R command files will output
data results in text files and graphics in graphical files. By default, the graphics are in
Postscript format. CGI programs will convert Postscript format to GIF format via Netpbm,
a graphical processing toolkit. Graphics in GIF format can be processed by most popular
browsers.
. They send outputs to the server. CGI programs send different types of output to the
server in order that users can get them in the user interface.

Figure 4.1 (based on Figure 1.3a, Brenner and Aoki 1996) shows the interactivity

mechanism of the system in RForecast.
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Figure 4.1. The interactivity mechanism of the systems in RForecast

In the system, different types of data flow back and forth between the client and the
server. Figure 4.2 illustrates how the data flow through the system. The circles with

numbers inside show the time sequence of data flows.
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Figure 4.2. The data flows in RForecast (the circles with numbers inside show the time
sequence of data flows)

During each call to RForecast, four types of files may be created.

First, CGI programs create a text file on the server if the user chooses a data file from
his/her local computer. When CGI programs receive the name of the data file, the file type
will be validated. If it is the text type, then the content of the file will be copied to a new
text file on the server. The new text file will be used later when running the R command file
later. If the user does not choose a local data file, then the sample data file beer.dar on the
server will be used. In this case no new text file will be generated.

Second, CGI programs create an R command file that is used to invoke R in batch

mode. Depending on the parameters entered by the user, the file also includes



corresponding R commands that are used to do some of the following tasks: loading data
from a data file, transferring the data to a time series object, model fitting, forecasting and
output.

Third, if the user wants to output results, then the R command file will include R
commands that are used to output data results or graphical results. After the R command file
is run, text files or graphical files will be created on the server.

Finally, if there are graphical outputs, CGI programs will create some temporary files
in order to convert these graphics from one format to another.

Here, there are two issues that developers need to note. First, the temporary working
files for each call should be removed whenever possible in order to save disk space on the
server. Temporary graphics may occupy much disk space. In RForecast, we provide users
the choice to delete temporary files (see Appendices B.3 and D.3). The second issue is to
identify temporary files to ensure users get their proper outputs. Temporary working files
generated for multiple users should be kept separate. Otherwise, theses files may be
overwritten if more than one user is calling the RForecast interface at the same time. To
recognize temporary files. an identifier should be added to the name of a file. There are
several alternatives to set the identifier. Fortunately, Perl has a built-in variable $S that
retrieves the “process id™ for the current CGI script. So RForecast uses “process id” as the

identifier for temporary files (see Appendices B.4 line 6 and 327).
4.2 Development Environment and Languages

1. Development Environment
To take full advantage of Free Software, RForecast is developed on the basis of a number of
Free Software packages as follows:

The operating system: Linux (Red Hat 7.2);

The R package: R 1.5.1;

The web server: Apache 1.3.22;

Perl interpreter: Perl 5.6.0:

Graphical toolkit: Ghostscript 6.5.1 and Netpbm 9.18.



All the above software packages, installed on the server, are freely available. This
shows that it is easy to establish a web-based development environment with the advantage
of Free Software.

Though users are recommended to install the R package locally on their own
computers, the minimum requirement for them is actually a JavaScript-capable browser.
Thus 1t is clearly feasible to establish an online-teaching environment with the advantage of

Free Software.

2. Development Languages

There are three programming or statistical languages used to implement the RForecast

Client side Web browser @

Web server

T

CGI programs
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R package
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Figure 4.3. The client/server connection and development languages



First of all, the forecasting functionalities are implemented with the R language. R
command files are run on the server and corresponding R functions are called on the R
environment. These functions include built-in functions and newly defined functions.

Secondly, CGI scripts are written in the Perl language.

"Perl 1s a script programming language that is similar in syntax to the C language and
that includes a number of popular Unix facilities such as SED, awk, and tr. Perl is an
interpreted language that can optionally be compiled before execution into either C code or
cross-platform bytecode.  Perl is regarded as a good choice for developing common
gateway interface (CGI) programs because it has good text manipulation facilities (although
it also handles binary files). It was invented by Larry Wall."(www. searchDatabase.com)

Generally, CGI programs are developed by C, C++, Perl, Unix shells or other
languages. Here, Perl is chosen mainly because it is free and cross-platform. In addition, it
is relatively straightforward to build and test Perl scripts.

Finally, the JavaScript language is chosen to create client-side scripts in order to
reduce the response time between server and client sides.

“JavaScript is an easy-to-use object scripting language designed for creating live
online applications that link together objects and resources.” (Shiran, 1998) It is supported
by most popular browsers such as Microsoft Internet Explorer (IE) and Netscape Navigator
(NS), although there are differences in exactly how it is supported.

In RForecast, JavaScript code provides for determining the type of web browser before
loading web pages in order to present suitable pages and processing data on the client side
before submission to the server.

In this case, R commands and JavaScript scripts are actually embedded into CGI
programs written in Perl. In other words, CGI programs will be run to generate HTML
pages with JavaScript scripts for the client side and create R command files for the server
side. Furthermore, CGI programs will call some Linux system commands to invoke R or

Netpbm.

4.3 The User Interface

At present R is provided with a command line interface (CLI), which requires users to have

a good knowledge of the R language. For proficient users, it is flexible and powerful.



However, novice users always find it difficult to work with a CLI, as they do not know
exactly what can be done and how to do it. A GUI is typically a short cut for them and
makes the learning curve shorter.

Many proprietary software packages have good GUIs. Minitab is one of them. It has
very clear and concise interfaces for time series analysis methods. Some features of
Minitab’s GUI were mimicked in RForecast.

When creating a GUI for R in RForecast, the author attempted to make the interface
both easy-to-use and easy-to-implement.

Each call to forecasting tools in RForecast will generate two HTML pages in turn.
First, the user views the form in which several fields must be entered. This page can be
called the put page. Afier the user clicks the GO button in the input page, all the
parameters in it are submitted to CGI programs on the server. Then CGI programs will
process these parameters and generate corresponding text or graphical results. Finally CGI
programs will present these results in another page, the output page.

Since scripts that generate the two HTML pages are embedded into one CGI program,
the CGI program needs to decide when it should process the input page or the output page.
The hidden fields provided by JavaScript were used here to complete this task (see
Appendices B.4 line 9-17).

Specifically speaking, a hidden field is inserted in the input page (see Appendices B.4
line 246). Since it is a hidden field, it can have a value of Null but the user cannot see the
field and its value. CGI programs first read all parameters in the input page. If the value of
the hidden field is Null. then the input page will be presented to the user. When the user
inputs all the fields in the page. all the parameters will be submitted to CGI programs and
the hidden field will then be set to OK. When CGI programs detect that the value of the
hidden field is not Nu/l, they will process the parameters and generate the output page. The

user will see text or graphical results on the output page.
4.3.1 Main Features of the GUI

It is assumed that users have some knowledge of forecasting methods. But they need not
know about the R language. In the GUI. the user is required to enter some parameters by

typing a number, checking a checkbox or browsing a list of files. So the required operations

(9Y)
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for users are very simple. Figure 4.4 shows the web page for Holt-Winters' smoothing
method. We will take this page as an example to introduce the main features of the GUI as

follows.

1. Organize groups of fields by sequence of use

To conduct Holt-Winters® smoothing analysis, the user is required to load data as a time
series, set some parameters for the model, and choose favorite outputs. The user has to fill
in several fields on the form. To make it easier for the user, we organize such fields as
groups by sequence of use.

On the web page (see Figure 4.4), there are four groups that can be described as Input,
Model fitting, Forecasting and Output, respectively. Each group has its task, for the
convenience of users. When users fill in the form, they need to fill only in these fields that
are related to their needs. For example, if the user does not want to make forecasts, he/she
can just leave the Forecasting group blank, i.e., leave the Generate forecasts checkbox and
leave the Periods ahead of forecasting textbox blank. They need not worry about this group

at all.
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Figure 4.4. The web page for Holt-Winters' smoothing method

2. Make protected fields inaccessible

When filling in the form, novice users often do not know what fields are necessary to fill in
and what fields are optional. They may waste time filling in non-necessary fields or choose
inappropriate options. To avoid this kind of problem, we make some fields inaccessible to
users.

In the above web page, if the user does not want to make any forecasts, he/she should
not type in the Periods ahead of forecasting textbox or check the checkboxes of Forecast
values and Plot real data & forecasts. Thus we protect these fields by disabling them
whenever the Generate forecasts checkbox is unchecked.

Implement such functionality using JavaScript is not difficult. We control the

protection by setting the disabled property to True or False and modifying the color style of



captions. When the Generate forecasts checkbox is unchecked, the Periods ahead of
JSorecasting textbox and the checkboxes of Forecast values and Plot real data & forecasts
are disabled, and the color of the corresponding captions becomes gray. Hence, the user
cannot type or check these fields (see Appendices B.4 line 52-68).

Unfortunately, the disabled property is only defined by IE. Some other browsers such
as NS and Mozilla do not support it. To open the web page using NS or Mozilla will return
errors. This 1s so because the companies that produce different browsers provide their
advanced features as fast as possible in order to obtain a loyal customer base (McFarlane et
al., 1999).

To handle the compatibility problem, we have to detect the browser type. If the
browser 1s IE 5.0+, the protection will be employed: otherwise, the protection will be hidden

(see Appendices B.4 line 34-47).

3. Provide for defaults whenever necessary

In some cases, users may not know what input is acceptable or how to set appropriate
parameters. For example, they cannot offer suitable time series. Or they do not exactly
know what smoothing parameters are appropriate. How can they still make forecasting
analyses?

Here the interface provides for defaults whenever possible. It offers a set of data as
sample data in order for users to learn forecasting methods even without time series in hand.
The sample data (Hyndman, undated) is the monthly production (megalitres) of beer in
Australia from January 1956 to August 1995. The total number of observations is 472. It is
a typical seasonal time series.

Similarly, it sets default values for smoothing parameters such as a, B and v, if the
users leave the corresponding fields blank. The R function HoltWinters( ) has arguments
that can be used to set defaults for smoothing parameters. If a, and/or B and/or vy are set to
NULL, the function will try to find the optimal values for them by minimizing the squared
one-step prediction error. People can make use of the optimization provided by R to set

defaults. Thus novice users need not worry about how to set parameters.



It would be helpful to users if the defaults used by R were displayed in our screen
(Figure 4.4). However, these are not readily available to the user interface code until R is

invoked, which at the stage of user parameter entry is still pending.

4. Provide for simple prompts and instructions

In order to facilitate the model fitting, the interface provides for concise prompts and
instructions when possible. In the same web page, users may not exactly know what length
of season, start time or start period is. It puts some example values in the textboxes when
the user loads the web page. In this way, the user can get concepts about these terms and
then figure out how to set his/her own parameters.

Similarly, it adds some explanation to captions in order to instruct users how to fill in
the fields. For example, it adds if vou don't choose a local file, the sample data will be used
to the caption load dara. If users have no appropriate data in hand, they would be happy to
know that the sample data would be loaded and used to fit the model.

The ways to offer the supporting information will be discussed in Section 4.5.
4.3.2 Data Validation on the Client Side

Though CGI is applied to process users' input, there is a fast and easy way to do data
validation. JavaScript makes data validation available and easy-to-implement on the client
side rather than on the server side. In this case, the parameters entered by the user can be
checked for whether they are appropriate for model fitting. If mistakes exist, such as typing
mistakes, decision errors or omission of required fields, the parameters will not be sent to
the remote server. "Because validation takes place on the client machine, there's no delay
for contacting a remote server. The user gets quicker responses, and network bandwidth and
server processing power are both conserved." (Netscape Communications Corporation,
1997)

This 1s beneficial not only to users but also to developers. My experience is that it
seems relatively easier and simpler to code and debug with JavaScript than with CGI scripts
such as Perl. In addition, JavaScript supports Dynamic HTML (DHTML), which refers to
the use of the Document Object Model (DOM), Cascading Style Sheets (CSS), and client-



side scripting to make Web pages more interactive (Feldman, undated). Thus the interface
created by JavaScript can be very user-friendly.

DOM, *“a programming interface specification being developed by the World Wide
Web Consortium (W3C), lets a programmer create and modify HTML pages and XML
documents as full-fledged program objects. * (http://whatis.techtarget.com)

CSS 1s “‘a data format used to separate style from structure on a Web page.” (http://

www.marketingterms.com/dictionary/)
4.4 Main Modules

The interface includes five main modules as follows:
. Input module;
e  Holt-Winters' smoothing module;
) Time Series Decomposition module;
e  ARIMA modeling module:
e Output module.
First, users need to choose a data file from their local computers and enter relevant
parameters. Then one forecasting tool needs to be chosen from such three forecasting tools
as Holt-Winters' smoothing, Time Series Decomposition or ARIMA modeling. Finally

corresponding data results and graphics are outputted. The relationship among the main

modules is shown in Figure 4.5.
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Figure 4.5. The relationship among main modules

4.4.1 Input Module

This module is designed for entering a data file and parameters from the users. First, the
user is required to choose a data file from the local computer and enter some parameters on
the form. If the user does not choose a local data file, the sample data will be used. After
the user clicks the Go button, these inputs will be validated to make sure that the data in the
client-side file (if applicable) can be loaded to R and converted to a time series object. If the
validation fails, an error message will be sent to the user in HTML format and the user can
try again. If the validation succeeds, the data in the client-side file will be copied to a text
file on the server. Then R is invoked in batch mode, and the data saved in server-side file is
loaded to R and converted to a time series object.

Figure 4.6 shows the flow chart of the module.



Start

Requires the user to enter parameters

¢ Yes

Are the parameters valid?

Yes

Yes

Use sample data on the server

The data file is a text file and
has non-zero size?

The user chose a data file?

No

Read data from the client-side file

v

Write the data to a text file on the server

al

v

Invoke R in batch mode

Show an error message to the user

v

Load data to R from the server-side file

v

Convert the data to a time series object

End

Figure 4.6. The flow chart of Input module




Here, the parameter validation is conducted on the client side. If the user chooses a
local file, then the file name will be sent to the server and CGI programs will validate the
file type. The second validation is conducted on the server side.

R provides facilities to read data into the system. It can read data from many kinds of
files. The most common file type is the text type. With the aid of R add-in packages, R can
also read data from special files such as S-Plus, SAS, Minitab, SPSS, Octave and even XML
files. Users and developers should be aware that "statistical systems like R are not
particularly well suited to manipulations of large-scale data.” (R Development Core Team,
2002b) To make the RForecast implementation simple, data can only be read from text files
at the moment.

If the data file is a text file, then CGI programs copy the content of the file to a
temporary text file on the server side. This makes the text file easy for R to read in. Most
statistical data files are in a spreadsheet-like format, that is, a rectangular grid with rows and
columns. Thus the facility for reading data from a spreadsheet-like text files was adopted.
The function read.zable( ) is the principal means of reading tabular data into R. The
example usage syntax is as follows:

mydata <-read. table("c:/temp/beer.dat”)

Here we must pay attention to two issues. One is that the read.table( ) function is not
suitable to read in very large numerical matrices, especially those with many columns. "It is
designed to read data frames which may have columns of very different classes." (R
Development Core Team, 2002b) The other issue is to make sure to use correct slash
symbols in file paths. Some programs run on Windows systems may use the back slash "\".
However, R, whether on Windows, Unix or Linux systems, uses the forward slash symbol
A

Since forecasting analysis functionalities are supported by the ts package of R. We
must remember to load the zs package whenever write R command files. This will avoid a
COmMImMonN EITor.

Once we read data from a text file, the data needs to be transferred to a time series
object. The s package of R defines a class for time series objects. The function zs( )
converts a numeric vector or matrix of the observed time-series values to time series objects.

See the following example usage.
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ts.mydata<-ts(mydata[,1].start=c(1956, 1) .frequencv=12)

The argument szarz sets the start period at January 1956. The argument frequency sets
the length of the seasonal period as 12.

To invoke R in batch mode, we use system commands as follows.

svstem(“Rpath/R --vanilla <commands.R >log.txt”)

Here, Rpath refers to the path name of R. commands.R refers to the R command file.

log.rxt refers to the R log file (see Appendices B.4 line 428).
4.4.2 Holt-Winters' Smoothing Module

This module is designed for fitting data or making forecasts using the Holt-Winters'
smoothing method. First, the user is required to enter some parameters on the form. After
the user clicks the Go button, these inputs will be validated to make sure that parameters are
accepted by the Holt-Winters' tool in R. If the validation fails, an error message will be sent
to the user in HTML format and the user can try again. If the validation succeeds, R is
invoked in batch mode. The data is fitted using the Holt-Winters' method. According to
whether the user wants to make forecasts or wants to save data results or graphics,
corresponding outputs are generated.

Figure 4.7 shows the flow chart of the module.
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Figure 4.7. The flow chart of Holt-Winters' smoothing module



The s package of R provides a function, HoltWinters( ), to compute Holt-Winters
Filtering of a given time series. The example usage reads as follows:

hw.mydata<-
HoltWinters(ts.mydata.alpha=0.2,beta=0.3.gamma=0.1,seasonal=multiplicative)

Here, the argument seasonal is used to select an additive or multiplicative model.
Note that it should be set differently according to the version of R. For the Windows
version of R, the argument can only be additive or multiplicative, while for R in the Linux
version, only Additive or Multiplicative can be recognized. That is, capitalization is
important.

The argument beza is the smoothing constant for the trend smoother while gamma is
for the seasonal smoother. As the author mentioned in Section 2.3.1, R uses this notation,
which may be different from that in some books.

Depending on different model types, the filtering uses different formulas as follows.

Additive model:

S=ax(Y()-1@-L)+(1-a)*(S(t-1)+b(t-1)
b(r)=B*(S(1)-S-1))+(1-B)*b(1-1)
IO=y*Y@)=-SO)+A=-9)*1(-L)
Multiplicative model:
SW)y=a*=Y@)/ I¢-L)y+(1-a)*(S(t-1)+b(t-1))
b(t)=B*(S@)—S=1)+(1-B)*b(1~1)
1O)=y*Y()/S@)+(A-y)*I(r-L)
where: S(t) is the level smoother;
b(t) is the trend smoother;
I(t) is the seasonal smoother:
L is the season length.

The function tries to find the optimal values of alpha, beta or gamma by minimizing
the squared one-step prediction error if values are not specified (R Development Core Team,
2002c¢).

The function creates an object of class HoltWinters, a list with components such as the

fitted time series, the seasonal indices, and the final sum of squared errors (SSE) achieved in
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optimizing. Hence. it is easy to output the fitted data, the seasonal indices and SSE. The
function residuals.HoltWinters( ) generates the residuals for Holt--Winters filtering.

The s package provides a prediction function for Holt-Winters method, function
predict. HoltWinters(). The example usage reads as follows:

Jhw.mydata<-predict(hw.mvdata, n.ahead=12)

Depending on different model types, the prediction function uses different forecasting
formulas. The k-period ahead forecast takes the following forms.

Addmive model: F(t+k)=S()+k*b(t)+1(t+1+(k—1)mod L)

Multiplicative model: F(t+k)=(S()+A*b(2))* /(1 +1+(k-1)mod L)
where L is the season length.

If the user wants to output results data, such as fitted data, residuals or forecast values,
R has a facility for exporting data. First, the results data should be converted tc 2 matrix and
then a vector. Next the function write.rable( ) can write a matrix or data frame to a text file
with row and column names. Thus R can add appropriate column names to a text file. This
is a good way to remind the user what results are included in the file. The following is an
example usage.

ma_fore<-data.matrix(fore. myvdata)

ve.fore<-as.vector(ma.fore)

write.table(ve.fore, file="foredata.txt”, quote=FALSE, row.names=FALSE,
col.names=c(‘‘forecasts"”))

Note that the write.table() function is not suitable for writing out very large matrices.

Graphical outputs are also provided to users. "Graphical facilities are an important and
extremely versatile component of the R environment. It is possible to use the facilities to
display a wide variety of statistical graphs." (R Development Core Team, 2002a) These
facilities can be used in both interactive and batch modes, so there are two approaches to
generating graphical outputs.

One 1s via the interactive model. When R is invoked in batch mode with a R command
file, the echo session can be saved to a Postscript file. In other words, the Postscript file
includes the echoed commands and numerical or graphical results. Thus graphical outputs
can be abstracted from the Postscript file. This approach was adopted in the Rweb package

that was created by Jeff Banfield, an Associate Professor of Statistics at Montana State



University. Rweb was a simple text entry form that returns output and graphs (see
http://www.math.montana.edu/Rweb/Rweb.general. html).

The other approach is to output graphics directly to a file. There are many graphics
devicers in R, such as Postscript, BMP, JPEG. Since R supports the Postscript driver by
default on both the Windows and Linux platform, it is convenient to use the Postscript driver
to store graphics in Postscript files.

Both the above approaches work well. In our case, the second one was chosen in order
to show users how to output graphics directly to a file (see Appendices B.4 line 369-377).
The example is given as follows:

#plotting the real data and forecasting values

postscript(file= “realfore.ps ", width=30. height=30)

ts.plot(ts.mydata, fore.mydata, col=c(*blue”, “red"))

dev.off()

4.4.3 Time Series Decomposition Module

This module is designed for fitting data or making forecasts using the Time Series
Decomposition method. First, the user is required to enter some parameters on the form.
After the user clicks the Go button, these inputs will be validated. If the validation fails, an
error message will be sent to the user in HTML format and the user can try it again. If the
validation succeeds, R is invoked in batch mode. The data is fitted using the Time Series
Decomposition method. According to whether the user wants to make a forecast or wants to
save data results or graphics, corresponding outputs are generated. Finally, the plot of real
data and fitted data is shown to the user.

Figure 4.8 shows the flow chart of the module.



Requires the user 10 enter parameters

Are the parameters
valid?

Invoke R in batch mode

v

Fit the data using Time Series
Decomposition method

v

Forecast needed?

Need to output fits?

Yes

Save fitted data to a text file

-

Need to output
residuals?

Save residuals to a text file

Need to plot real
data and fits?

Do forecast using Time Series
Decomposition method

Need to output
forecast values?

Save forecast values to a text file

Need to plot real No

Plot real data and fits

Need to plot
seasonal index?

erS

Plot seasonal index

Need to plot
residuals?

Plot residuals

data and forecasts?

Plot real data and forecasts

—p

End

Figure 4.8. The flow chart of Time Series Decomposition module
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The s package of R provides a function to compute a classical Time Series
Decomposition (TSD). The function decompose( ) decomposes a time series into seasonal,
trend and wrregular components using moving averages. It can deal with additive or
multiplicative seasonal component as follows.

Additive model: Y (1) =T()+S(z) +e(t)

Multiplicative model: Y (1) =T(¢)*S(t) +e(2)

Where: T(t) is the trend component:
S(t) is the seasonal component;
e(t) is the irregular component.

The resulting value is an object of class decomposed.ts with components such as the
seasonal and trend components and seasonal indices. Thus seasonal indices are easy to
output.

Unfortunately, the #s package does not provide a prediction function for TSD. Since
TSD is a very common tool for forecasting analysis, the lack is viewed as inconvenient for
forecasters. So the RForecast interface attempted to provide the prediction facility for TSD
using the following formula.

Additive model: F(z+k)=(a+b*(@+k))+s(t+k)

Multiplicative model: F(1+k)=(a+b*(1+k))*s(t+k)
where: a is the intercept of the trend equation;

b is the slope of the trend equation;
s is the seasonal adjustment.

To create such a prediction function for TSD, two issues should be considered: the
trend equation and seasonal adjustment.

R has a function, /m( ), which is used to fit linear models. So it is easy to formulate a
trend equation for a time series (see Appendices B.5 line 300-302). But to generate a
seasonal adjustment for a given period is not so simple.

First, seasonal indices can be obtained from the result of function decompose(). Then
we can formulate the seasonal adjustment series according to the season length. Finally, we

generate the seasonal adjustment for the specified period (see Appendices B.5 line 305-315).
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Fitted data and residuals have to be computed according to both the trend equation and
the seasonal adjustment.

Note that forecasts and fitted data should be transferred to objects of time-series type,
before they can be plotted using the plotting function zs.plot() (see Appendices B.5 line 354-

361). This function is used to plot multiple time series in one graph.
4.4.4 ARIMA Modeling Module

This module is designed for fitting data or making forecasts using the ARIMA modeling
method. First, the user is required to enter some parameters on the form. After the user
clicks the Go button, these inputs will be validated. If the validation fails, an error message
will be sent to the user in HTML format and the user can try again. If the validation
succeeds, R is invoked in batch mode. The data is fitted to the ARIMA model. According
to whether the user wants to make forecasts or wants to save data results or graphics,
corresponding outputs are then generated. Finally the plot of the real data and fitted data is
shown to the user.

Figure 4.9 shows the flow chart of the module.
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Figure 4.9. The flow chart of ARIMA modeling module
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The zs package of R provides a function for ARIMA modeling of time series. The
example usage for the function arima( ) reads as follows:

arima.mydata<-arima(ts.mydara,order=c(1.0.1).seasonal=list(order=c(0,0,1)).
include.mean=TRUE)

The argument order specifies the non-seasonal part of the ARIMA model: the three
components are the AR order (p), the degree of differencing (d), and the MA order (q). The
argument seasonal sets the seasonal part of the ARIMA model. The argument include.mean
specifies whether the model includes a mean term.

Different software packages define different signs for the AR and/or MA coefficients.
The definition in R is

Y()= AR(DY (1 =1 +...+ AR(p)Y (t — p) +e(t) + MADe(t = 1) +...+ MA(q)e(t — @)

The function creates a list of class Arima, which includes a vector of AR, MA and
regression coefficients and the Akaike's Information Criteria (AIC) value.

Forecast values can be completed using the function predict. Arima( ).

The 75 package has a plotting function rsdiag for plotting time series diagnostics, which

is helpful for diagnostic checking.
4.4.5 Output Module

The module is designed for outputting both data and graphical results. First, it checks
whether there exists a graphical file in PS format. If so, convert PS format to PPM format
and then convert PPM format to GIF format. The corresponding PS and PPM files will be
deleted. After the PS graphics have been converted and deleted, these GIF graphics will be
linked within the HTML page of the interface for the user. Then it checks whether there
exists a text output file. If so, it retrieves data from the text file and sends it to the interface
page. The text file will then be deleted.

Figure 4.10 shows the flow chart of the module.
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Figure 4.10. The flow chart of the Output module

Users may obtain two types of outputs. One is text files including fitted data,

residuals, forecast values or R logs. The other is graphical files including plots. To make it
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easy for users to view outputs and save them for future use, the outputs should be processed
appropriately.

For text files, it is easy to show the content in HTML pages, while for graphical files, it
is not so simple. Since most browsers do not support Postscript graphics displaying,
Postscript format has to be converted to GIF format that can be displayed on most browsers.

Here, we refer to the conversion mechanism introduced by Jeff Banfield. In Rweb he
implemented graphics conversion using the Netpbm toolkit. He explained the conversion in
his paper "Rweb: Web-based Statistical Analysis" (Banfield, 1999).

"Netpbm is a toolkit for manipulation of graphic images, including conversion of
images between a variety of different formats. There are over 220 separate tools in the
package including converters for about 100 graphics formats.” (see Netpbm Home page,
http://netpbm.sourceforge.net/README)  The improvement and modification of the
package is supported by programmers all over the world. The programs work with a set of
graphics formats such as PBM, PGM, PPM and PAM. The first three formats are also called
PNM. The program pstopnm can convert PostScript to PNM. The program pbmrogif can
convert PBM to GIF. In RForecast, CGI programs call the two programs to convert
Postscript to GIF. Figure 4.11-14 are example graphics processed using Netpbm. The color

overlap cannot be printed in black and white.
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Figure 4.12. The plot of the real data and forecasts via the TSD method (The color overlap

cannot be printed in black and white)
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Figure 4.14. The diagnostic graph for the ARIMA modeling method

54



There has been a controversy on GIF format for more than seven years. Michael C.

Battilana introduced the controversy in his article.

“Between 1987 and 1994, GIF (Graphics Interchange Format) peacefully became the
most popular file format for archiving and exchanging computer images. At the end of
December 1994, CompuServe Inc. and Unisys Corporation announced to the public
that developers would have to pay a license fee in order to continue to use technology
patented by Unisys in certain categories of software supporting the GIF format. These
first statements caused immediate reactions and some confusion. As a longer term
consequence, it appears likely that GIF will be replaced and extended by new file
formats, but not so before the expiration of the patent which caused so much debate.”
(Battilana, 2002)

PNG (Portable Network Graphics) is one of patent free formats designed to replace to
GIF format. Today many web browsers including IE, NS and Mozilla have supported PNG
images. And many people advocate to use PNG or JPEG (Joint Photographic Experts
Group) formats rather than GIF format. The NETpbm toolkit has programs such pnmropng
or pnmtojpeg that can convert PNM to PNG or JPEG. Thus it is also feasible to convert PS

to PNG or JPEG in the RForecast implemenation.
4.5 Supporting Information

Most users need supporting information when they work with software, free or otherwise.
They may be unclear what results they can expect, or they may not know how to choose a
parameter. Sometimes a procedure could be interrupted or halted. They want to know what
caused the failure. Novice users or students especially need such helpful messages.

Due to the main features such as convenience, quickness and ease of use, many users
prefer on-line help rather than traditional hard-copy documentation. On-line help can
provide users with real-time supporting information. It offers users clear and simple
identification and instructions. It also gives users good feedback on certain procedures after

errors. Deborah Mayhew described the following features of on-line help in her book:
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“it can't be lost or damaged.
it does not require disk space and place holding.

it is faster and cheaper to update than hard-copy documentation.” (Mayhew, 1992)

"Modern graphical user interfaces provide a variety of mechanisms for the user to gain
access to on-line help and for the system to present help." (Constantine and Lockwood,
1999) Considering the issue of both ease of use and ease of implementation, the following
ways to present supporting information were attempted in the RForecast interface.

e Descriptions at the cursor;

e Descriptions on the status bar;

e Hints inline:

¢ Instructions in a separate window:

e Error messages as feedback.

1. Descriptions at the cursor

Generally, the current position of the cursor attracts the user's attention most easily. Itis a
good place to present supporting information, especially identification messages. Hence,
some identification descriptions are put near the position of the cursor. The following
screen image (Figure 4.15) is an example. Users may get confused when they fill in the
parameter rrend. 1f the mouse is over the textbox, a description about how to set it will be
shown to the left of the cursor. The color of the description text is set to red in order to

attract the focus of users' attention. It can help users to enter appropriate parameters.
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Figure 4.15. The description at the cursor for Holt-Winters' smoothing method

This implementation in IE is easy with the tag SPAN using JavaScript. Unfortunately,
this feature cannot be supported by some browsers such as NS or Mozilla. The
compatibility problem is a big problem in such implementations. The browser type has to

be screened. Only if the browser is IE5.0+ can the above feature be implemented.

2. Descriptions on the status bar

Unlike messages at the cursor, status bar messages are a standard feature of Windows-based
interfaces (Constantine and Lockwood, 1999). Since the position of the status bar is fixed at
the bottom of the screen, it is a common way to offer identification or suggestion messages
on the status bar. For example, when the user puts the mouse on the link with the caption of

Hol-Winters' method, information on the status bar will be changed from RForecast to
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Click here to conduct forecasting analysis using Holt-Winters' method as in the following

illustration (Figure 4.16).
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Figure 4.16. The description on the status bar for Holt-Winters' smoothing method

However, some users perhaps ignore messages on the status bar because of its low

position on the screen. So important instructions should not be put on the status bar.

3. Hints inline
Brief and concise hints or prompts regarding valid inputs can provide users with good
instructions to correctly fill in the form. This kind of support is very visual and clear. It is
an effective method to offer help messages. In the interface, hints are provided when
possible.

As mentioned in Section 5.1, example values are put into textboxes when the user

loads certain web page. This helps the user decide how to set corresponding parameters.
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Similarly, concise explanations are added to some captions to instruct users to fill in fields.

For example, if you leave the following weights blank, the default weights will be chosen is

added to the caption smoothing weights (Figure 4.17). If users have no idea about how to

choose smoothing weights. the weights will be set to NULL by default, and the optimal

values of a and/or 8 and/or y will be found by minimizing the squared one-step prediction

CITOrT.
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Figure 4.17. The hint for Holt-Winters' smoothing method

4. Instructions in a separate window

In some cases, users may want to have detailed knowledge of certain methods. These

messages are displayed in a separate window, independent of the active window. This is a

traditional way to present supporting information.

In this case, a help link is provided in every fill-in form. Basic concepts, theoretical

background or step-by-step procedures are presented in a separate window. By reading the
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messages, users can learn when and how to apply specific forecasting methods. This is a

good way to offer users detailed supporting information.

5. Error messages as feedback
An error message is one of most important pieces of supporting information that users
expect. Whenever a procedure is interrupted or halted, users need to find out the cause and
make corrections if necessary.

If the user enters an unacceptable parameter, it is helpful to offer an error message
upon completion of the field. This kind of support is provided, when possible, in RForecast.
In the same web page discussed in Section 5.1, the values of smoothing weights are
validated and error messages are presented if the values are not appropriate for model fitting.
For example, if the user enters -2 for a, an alert window will be opened and an error
message will be presented at the window (Figure 4.18). Meanwhile, after an input error is
detected. the cursor will be relocated on the field that is in error. In the above example,
since the value for a is unacceptable, the cursor will then return to the field. This will
facilitate error correction. These implementations are easy using JavaScript.

Similarly, if the data file chosen by the user is not suitable to perform model fitting
using a certain method, an error message will be presented as feedback (Figure 4.19). The
error message may give some possible explanation of what can cause the error. Thus the
user can conduct error analyses and figure out where the error is. This is beneficial for

novice users.
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Figure 4.18. The alert window for Holt-Winters' smoothing method

6. The log file of the underlying computational system is available

We have chosen to allow the user to display the log file of the computational system (in this

case R) for the calculations that are carried out. This provides a record of what has been

done, and may include messages that describe details of the methods. We consider this to be

supporting information, in that it is helpful in situations where the results are less than fully

satisfactory and we must consider alternative forecasting tools. Because the log file is rather

specific to the computational system and the method, we have chosen not to include an

example here.
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Figure 4.19. The error message for Holt-Winters' smoothing method

4.6 Summary

The implementation of RForecast demonstrates a feasible and effective approach to
facilitating and simplifying the use of R. The approach can be generalized as follows:

*  Creating 2 web-based GUI using Perl and JavaScript;

*  Retrieving data inputs and model parameters from the client;

*  Copying the content of client-side data files (if applicable) to text files on the server;

e  Creating R command files that calls R functions;

e  Invoking R in batch mode and obtaining text or graphical results;

e  Processing graphical results;

e  Presenting text or graphical results to the user;

e  Providing supporting information to help the user.



From the perspective of users, the interface is easy-to-use and convenient. First, the
GUI is user-friendly. Users need no knowledge of R. They can get helpful supporting
information and conduct forecasting analyses easily. They can learn the R language from R
log files if they want. Secondly. the GUI is web-based. Users can browse and perform
forecasting analyses via web browsers. The minimum requirement is only a JavaScript-
capable browser. Furthermore, the interface provides users with both text and graphical
outputs. It makes use of exporting facilities in R and processes graphical outputs using the
Netpbm toolkit. The two types of outputs are presented in the interface. Users can view and
save outputs for future use.

From the perpective of developers, the interface is also relatively easy-to-implement.
My experience is that Perl and JavaScript are relatively easy to learn and understand,
compared to C or FORTRAN. Neither need be compiled before running. The JavaScript
scripts and R commands are actually embedded into the Perl code.

R 1s statistical softiware. To confirm the feasibility of the approach, the author
attempted to implement another example interface for Scilab, which is scientific software.
The next section will introduce its design and implementation. We also consider other

possible approaches.



Chapter 5 Other Possible Implementations

To confirm the feasibility and efficiency of the web-based approach, this chapter illustrates
an implementation for Scilab, which is scientific software. It then introduces a local
implementation for R on the Windows platform. It also talks about issues on running web-
based GUI locally through localhost. Finally it discusses other possible approaches to

answer the research question.
5.1 A Web-based Implementation for Scilab

RForecast is the implementation for R. Since R is a statistical software package, it has
functions that provide for statistical functionalities. It may have advantages people can use
conducting forecasting analyses. Unfortunately, other scientific software packages may lack
these advantages. It may be more difficult to conduct forecasting analyses using these
scientific packages.

Scilab is a scientific software package for numerical computations and has been
viewed as one of the free replacements for Matlab. Many people, especially researchers and
educators, are exploring its wide application in many fields. Based on the same approach
that is adopted in RForecast, a similar interface for Scilab, SciForecast, was created to
confirm the feasibility of the approach. Only ARIMA modeling was implemented in the
interface as a test case.

Thus, the GUI of the SciForecast interface is similar to that of Forecast. On the GUI
form, the user is required to enter parameters on the form. Afier the Go button is clicked,
the parameters are validated. If the validation is successful, the CGI program will create a
Scilab command file and invoke Scilab in batch mode. The data results and graphical
results are then presented on the screen in order for users to browse and save them.

Figure 5.1 illustrates the data flow through the system. The circles with numbers
inside show the time sequence of data flows. Note that Netpbm is not used in this case.
Scilab can easily output graphics in GIF format on both the Windows and Linux platforms.

The graphic formats need not be converted.
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Figure 5.1. The data flows in SciForecast (the circles with numbers inside show the time
sequence of data flows)

1. Loading data and exporting results
Similar to R. Scilab has convenient facilities for importing or exporting data. The function
read() is used to load data to Scilab from text files as in the following example of usage.
mydata=read(*‘c:\temp\beer.zxt ”,-1,1)
Note that mydata is a 1xn matrix. It may have to be transferred to a nx! matrix by
transposing in some cases.
The function wrize(') is used to export data from Scilab. The example usage reads as
follows.

write(“firdata.txt”, fitdata)
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It is easy to export graphics from Scilab. The GIF driver can be used on either the
Windows or Linux platforms. The procedure is similar to that in R. First, open the GIF
driver: then specify the name of the graphical file. After plotting, turn off the driver. See
the following example.

driver(“GIF");

xinit(*firgraph.gif”);

plot(fitdara);

xend():

2. Model identification

Unlike R, Scilab lacks built-in functions for ARIMA modeling. Though it has very
powerful facilities for manipulating numerical matrices, Scilab is mainly focused on fields
such as system control and signal processing applications. It has neither definition of time-
series objects nor model fitting function related to time series models. This makes the
implementation difficult.

Scilab has a toolbox for ARMA modeling and simulation. The toolbox is used for
systems identification and simulation of ARMAX (Auto Regression Moving Average with
eXogenous variables) models. Though ARMAX is not exactly ARIMA, the author
attempted to make use of it to conduct simple forecasting analyses.

According to the documentation by Jean-Philippe Chancelier (2001), the following
functions may have potentiality for ARIMA modeling. The function armaxi( ) is used to
identify the coefficients of a 1-dimensional ARMA process in the form as follows.

A@EN-1)yv= B(EN-1)u + D(="-1)sig*e(t)

Where, u : the input signals;
y: the output signals;
e(t) is a white noise with variance 1;
A(z)= 1+al*z+.. +a_r*z"r; (=0 => A(2)=1)
B(z)= b0+bl*z+...+b_s zs ( s=-1 => B(2)=0)
D(z)= 1+d1*z+...+d_g*z"q ( g=0=>D(z)=1).
The syntax takes the form:

[a.b.d.sig.resid]=armax](r.s,q.v.u)
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where, 1,5,q: auto regression and moving average orders;
a: the vector [1,al,...,a_r]
b: the vector [b0,.......b_s]
d: the vector [1,d1.....,d_q]
sig is the estimated standard deviation of the noise.

Hence, the function was used to identify an ARMA model by setting s = -/. In the
result, a represents AR parameters and d represents MA parameters.

Unfortunately, the function has its limitations. As it does not consider differencing
and seasonal parameters, it can only be used to fit stationary and non-seasonal data. Even
for such data, the result is not ideal. The problem could result from the function definition.
The ARMAX model is essentially different from the ARIMA or the ARMA model. To
solve this problem, the author recommends creating a time series object to deal with
seasonality and defining a new function with other forms of model formula for ARIMA

modeling. This 1s, however, not undertaken in the current work.

3. Making forecasts
Scilab has no prediction functions for ARMAX models. The author attempted to generate
forecasts using the functions armac() and arsimul( ).

The function armac() is used to describe an ARMAX process. This means that the
ARMA model can be defined with the identified parameters, which include @ and d from
results of the function armaxI( ). For example, the following form can be used to describe
an ARMA process y_t-0.8*%v_{1-1} + 0.2%_{1-2} = 0.01*e(t-1):

myarma=armac([1.-0.8.0.2].[].[1],1.1.sig)
where sig is the standard deviation.

The function arsimul( ) is used for ARMAX simulation. It takes the following form:

thefit=arsimul(myarma.u)

To generate the forecasts of n-ahead periods, input signals u are necessary. The input

was set by default to a vector with the values of zero.
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4. Summary
The implementation of a single task for Scilab demonstrates that our approach is feasible

and general for scientific software. However, depending on the task at hand, people may
have to create more object definitions and write more functions for model fitting or
prediction where the package, in our case Scilab, lacks appropriate data structures or
computational features. Clearly it is worth selecting the underlying tool carefully to save

work. Scilab was not as well suited to our forecasting tasks.
5.2 A Local Implementation for R

Aside from the web-based approach, there are some other possible approaches to adding
both forecasting functionality and user interfaces to Free Software. A local solution could

be used. We created such an implementation for R on the Windows platform.

1. Analysis and design
Using a local implementation means that the user needs to install the R package on the local
computer. Moreover, temporary files are also created locally.

Our GUI is still based on JavaScript-capable browsers. The user does not browse the
Internet but use the local computer environment.

The GUI was created using the JavaScript language. The user views an HTML page to
access a forecasting tool. On the page, the user is required as before 10 enter some
parameters. Aside from the parameters for loading data, model fitting, making forecasts and
outpurting results, the user needs to specify the directory paths in which the R package was
installed and timeporary files will be saved. After the user clicks the Go button, two text
files are created on the specified directory on the local computer. One file is an R command
file. The other is a batch file that invokes R to run the R command file. Then, the user
needs to run the batch file to invoke R and get outputs in text or graphical files saved on the
local computer. Figure 5.2 shows the data flow through the system. The circles with

numbers inside present the time sequence of data flows.
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Figure 5.2. The data flows in the local implementation for R (the circles with numbers
inside show the time sequence of data flows)

The key issue here is how to generate text files. The JavaScript language has its
limitation. Without special plug-ins, JavaScript is essentially a language for client-side
applications. [t cannot invoke system commands or export files. The IE browser figures the
problem out using the ActiveX technology. ActiveX is a loosely defined set of technologies
developed by Microsoft for sharing information among different applications (AgMAY Inc.,
2002). Itis an outgrowth of two other Microsoft technologies called OLE (Object Linking
and Embedding) and COM (Component Object Model).

Here an ActiveX object needs to be created to provide file system services (see
Appendices E.2 line 165-168). The following example is to create a text file named
examplel.bat.

var myobject] =new ActiveXObject("Scripting.FileSystemObject”);
var myfile =myobjectl.CreateTextFile(“examplel.bat”, true);

myfile. WriteLine(“This is a batch file.”)

myfile.Close()

File system services may result in files in the hard disks modified or lost, so it is
necessary to get the privilege to get such services. The user may see a warning window

(Figure 5.3) to ask for permission to create text files on his or her computer. So in some lab
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environments, students may have to put the HTML programs in particular locations in order

to get the privilege to create text files using the Active X technology.
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Figure 5.3. The alert window for the privilege permission

This approach is supported only by IE4.0+ and only on Microsoft Windows.
Microsoft provides the ActiveX plug-in for NS (Microsoft Corporation, 1996). Note that
different versions of the Windows system need different plug-ins

We also attempted another way to provide supporting information. JavaScript scripts
can be put in two sections of the HTML document. Scripts in the body section will execute
when the page loads, while scripts in the head section will be executed when called. Thus
we can present supporting messages when a page loads, by putting functions in the body
section (see Appendices E.2 line 10-17 and line 297). In this way, the user can get

important warning before he or she begins to operate in a page form. This may avoid some

common er1rors.
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In this local implementation, we present an alert window to give some warning
messages. The following screen (Figure 5.4) is what the user sees immediately after the

Holt-Winter’s method page loads.
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Figure 5.4. The alert window while a page loads

2. Summary
This approach is very efficient in computer run time and in tools used. It uses only two
programming languages, JavaScript and R. Generally, it is quick to create a GUI using
JavaScript. Many free HTML editors such as 1st Page 2000 and Front Page can provide the
previewing function, which makes writing and debugging JavaScript code easy and simple.
Thus it is simples than the web-based approach to program.

What users need is R installed locally and a JavaScript-capable browser. So the

requirements for users are still simple, though more than that of the web-based approach.



However, the approach has two limitations. First, it cannot be supported by browsers
of different types. It depends on the ActiveX technology to create text files. It is only
supported by IE. For NS, a plug-in need be installed. And it can only be supported on the
Windows operating system. It is always difficult to solve the compatibility problem. In
addition, the approach is not very convenient for users. Because batch files have to be run
by the user, the approach depends too much on users for its operation. It might not be

thought of as a real GUI and the text or graphical results cannot be presented in the GUI.
5.3 A local server approach

The web-based GUIs can also support the use of a local sever. We can install CGI programs
Into a computer acting as a web server, then start the GUI through localhost. Meanwhile, we
want to justify the compatibility of the web-based approach on different platforms. Hence,
we moved RForecast and SciForecast from Linux to Windows and found the following
1ssues are worth discussing.
° Use appropriate system command corresponding to the piatform
Perl has good compatibility in different platforms, so most of scripts need not to be changed
corresponding to the platform. For example, the following path name of the Perl interpreter
for Linux can be recognized on Windows as c:\perl\bin\perl.exe.

#! usr/bin/perl

However, system commands are platform specific. Developers should use appropriate
system commands, especially the slash symbols in path names. Let’s see an example. The
following command is used on Linux to invoke R.

System(*“Rpath/R --vanilla <commands.R >log.txt");

It should be changed as follows to match the Windows platform (see Appendices D.):

System(*“Rpath\\Rterm --vanilla <commands.R >log.txt");

Note that R for Windows uses Rterm to invoke R in batch mode.
. Adjust the configuration of the web sever
We used the Abyss Web Server X1 as the web server on Windows, which is freely available
(but not open-source, and there may in future be a charge). “Abyss Web Server X1 is a free

personal web server available for Windows and Linux operating systems. Despite its tiny



footprint (the executable file size is less than 104 KB); it supports HTTP/1.1, dynamic
content generation through CGl/1.1 scripts, Server Side Includes (SSI), custom error pages,
and user access control (HTTP authentication/password protected files).”
(http://www.aprelium.com/index.html) Note that we could have chosen to use the Apache
server, but this is much larger and less easy to configure.

Abyss allows users to set their own server configurations. As far as CGI parameters
are concerned, users can specify the Perl interpreter path and CGI paths. They can also set
CGI Scripts’ Timeout which refers to how long (in seconds) the server waits for a CGI
scripts to deliver content before aborting it. The default Timeout is 30 seconds. But a
complex CGI program may require more time. This may result in execution errors. We
encountered the same problem when our CGI program has to process graphics, which is a
time-consuming work. The CGI program could not generate proper outputs. So we need to
change the Timeout to larger number to allow CGI programs to process a large number of
data.

o Invoke Scilab on the Windows platform

We found it difficult to invoke Scilab in batch mode on Windows. R for Windows provides
a command Rrerm to invoke R in batch mode, while Scilab apparently has no such
command. The following commands, which can be issued from the “Run” line on the Start
Menu or else directly in an MS-DOS window, can invoke Scilab but only with a command-
line window, and cannot send a Scilab command file to this command window.

Runscilab.exe —nw <commands.sce>log.xt

Alternatively, we can use

Scilex.exe

These commands make Scilab wait for input from its command line within the
window.

This difficulty was resolved by Dr. John Nash. He copied a Scilab command file to
file named .scilab, and then executed the scilex.exe file. This starts a Scilab window and
then closes it after execution of the Scilab commands in the .scilab file. The defect of this
approach is that users can see a Scilab window that is started and closed after several

seconds. However, it does accomplish our purpose. We note that this use of a “special file”
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1s not unique to Scilab. Matlab version 3.5 used a file startup.m, while Minitab Student

Edition 12 uses startup.mtb with invocation by executing the mtb12st.exe file.

. Change working directory when necessary

When we used the above approach to invoking Scilab, we found that working directory is
very important. Developers should be careful to ensure that the current working directory is
as same as the directory in which the .scilab file is saved. Otherwise, scilex cannot find the

.scilab file. The working directory can be changed using the cidir command.

Summary

The local sever approach simplifies the configuration requirement for the operating
environment. It makes the web-based CGI approach portable. This is very convenient for
users. They do not need to access the Internet, but use the local server. In this way, we

resolved the problem that the Active X technology posed.
5.4 Other Approaches

There are yet other possible approaches to facilitating and simplifying the use of R or Scilab.
As far as interfacing to these software packages is concerned, technologies such as Tcl/Tk

and ASP should be feasible.

1. TeV/Tk technology
Tcl stands for the Tool Command Language. Created by John Ousterhout, it has been used
as a scripting language. *In most cases, Tcl is used in combination with the Tk (“Tool Kit™)
library, a set of commands and procedures that make it relatively easy to program graphical
user interfaces in Tcl.” (Pather, undated)

Tcl 1s interpreted. Tcl scripts can be executed without compiling and linking. Tcl can
run on many platforms, such as UNIX, Windows and Macintosh.

The most significant feature of Tcl is its extensibility. If an application requires some
functionality not offered by standard Tcl, new Tcl commands can be written in C or Tcl
(Pather, undated). It is easy to add new commands to extend the Tcl language. So it can be

used to create extension packages for special purposes.
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Both R and Scilab can support interfacing with Tcl/Tk. R has a package, rcltk, which
allows the use of the Tk GUI toolkit. Tk commands can be embedded into the R language.
Peter Dalgaard at the University of Copenhagen has discussed the design considerations and
the shortcomings of the current implementation (Dalgaard, 2001). Similarly, Scilab has a
toolkit, TcV/Tk interface, created by Bertrand Guiheneuf (Scilab Group, undated).

Therefore, it should be feasible to create a GUI to R or Scilab using Tcl/Tk.

2. ASP technology

ASP stands for Active Server Pages. It is a technology that allows dynamic creation of
HTML documents on a web server when they are requested via HTTP (Robinson et al.,
2001). It is a Microsoft technology and works with the Internet Information Server (IIS).
ASP pages are normal HTML embedded with scripts in the languages such as VBScript,
Jscript or C#.

ASP, as a server side technology, is similar in many ways to some other technologies
such as CGI. “There are also ASP environments available for other operation systems such
as Chilisoft ASP which will run on operation systems such as UNIX.” (Garrett, 2001)

Hence, it might be feasible to create a web-based GUI for R or Scilab using ASP
technology. Implementation this approach is similar to that of RForecast, but the problem of
compatibility in different platforms may be difficult.

Similar to ASP, JSP (JavaServer Pages) might be also feasible for the same task.

Aside from the above technologies, more complex technologies, such as C, C++ or Java,
might be feasible. Due to their powerful and sophisticated mechanisms, these programming
languages are relatively difficult to learn to use. It may take entry-level users more time to
program in such languages. For relatively small projects, they may not be the efficient

choices.
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Chapter 6 Costs and Benefits

In completing the analysis of our efforts to provide special features or functions to available
scientific or statistical Free Software, it is appropriate to consider the costs and benefits of
the approach. Some of these can be precisely quantified, such as prices, but most are

estimates based on the time and effort expended in creating the examples.
6.1 Prices and Availability

The Free Software community has developed greatly in recent years. Today there are many
kinds of Free Software packages from operation systems to tiny toolkits. Hence, some
people advocate developing new Free Software only using Free Software. This may be too
radical, but it does reflect the vitality of Free Software movement.

In the example implementations, most software required to build the development
environment was Free Software. Thus we were able to provide a good example to make use
of Free Software. The following table shows the sofiware list. Some of them are not Free

Software, but zero-cost.
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The list of software packages for the development environment

All packages here are zero-cost.

Software type Name Free Software (Yes /No)
Operating system Linux Red Hat ** Yes

Netscape Navigator No
Browser Internet Explorer No

Mozilla Yes

Apache Yes
Web server

Abyss No
Interpreter Perl interpreter Yes

) ) Ghostscript Yes

Graphic toolkit

Netpbm Yes
Statistical or R Yes
scientific software Scilab Yes
HTML editor 1st page No
Remote access utility Secure Shell (SSH) Yes

** Linux is Free Software, but Red Hat charges for the distribution.

Note that GIF format could be replaced with some patent-free formats, such as JPEG
and PNG.

6.2 Time and Effort

The time spent in the example implementations can be classified to two categories:
programming time and researching time. The first refers to time spent on programming on
computers while the second refers to time spent on finding out what the problems are and
how to solve these problems. For the example implementations, it was found that the
researching time is about ten times more than the machine time.

Most importantly, we found that the learning effort became easier over researching
(Figure 6.1). It took me two months to create the local GUI for R from the start of learning

R and JavaScript. But I spent one month on improving it to the web-based GUI, RForecast
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and two weeks on creating a similar GUI for Scilab, SciForecast. Finally it took me only
one week to move RForecast and SciForecast onto the Windows platform (using a local web
server). This is one justification for the thesis. We believe that the lessons we learned in

these implementations may also help other developers save time and work.

70

.

Local GUI (Windows) RForecast(Linux) SciForecast(Linux) Rforecast &
SciForecast
(Windows)

Implementation

Figure 6.1. The plot of working time over the course of the research
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Chapter 7 Conclusions and Recommendations

This thesis made an inquiry into the key issues in adding special purpose functions to free
scientific or statistical software. It took R and Scilab as examples and attempted to add
forecasting functionality and a GUI to them. The goal of the research is not the
implementations themselves but finding out feasible and effective approaches to making full
use of Free Software.

Building a GUI for a forecasting task, using a Free Software package as basis, may
always be difficult. Taking account of all the blind alleys that we encountered, it might be
more economical to simply buy Minitab or an equivalent package. While it may be difficult
to provide a fully automatic "recipe”, the following approaches we attempted may shorten or
smooth the procedure to design and implement such a GUI.

* Choose an appropriate underlying computational system. The system should support
invocation in batch mode. To save the development time, it would better to have built-in
functions that have potential utility for forecasting. R proved to be more suitable than Scilab
in this respect. Octave (another free counterpart of Matlab) has no such functions and may
be difficult to use for forecasting tasks.

e Choose an appropriate operating mode and environment. A GUI can be run on a web
server or locally. A portable system, such as the example web-based GUI, can apply to
different platforms and web servers, while a local GUI may require restricted configurations.
Note that it is possible to use a web-server locally via the localhost facility, offering a
compromise.

» Choose familiar programming languages. Creating an easy-to-use GUI may require
developers' familiarity with programming languages such as Perl and TcV/Tk. In contrast,
one can build a GUI only using JavaScript, which is relatively easy to write and debug.

® Detect the web browser tvpe and version whenever necessary. There is always the
compatibility problem if use a web browser. At this point, the local GUI using the ActiveX
technology is less attractive. To make a GUI work across browsers, special features only
supported by a certain browser should be carefully hidden. However, this can result in long

and unwieldy programs.
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e Use appropriate commands corresponding to the platform. Commands in computational
languages such as R may defer on different platforms. Invocation commands may also be
different berween different platforms.

e Generate text or graphical outputs using available computarional tools. Note that
graphic formats produced by our computational engine may have to be converted in order to
present graphics in GUI pages. Graphical tools such as Netpbm can be used to perform the
conversion. We should not try to force R or Scilab to do “everything”.

e Provide supporting in multiple ways. We have shown how it is worthwhile to provide
such information inline, at the cursor, on the status bar or in a separate window. Note that
some web browsers do not support all these approaches.

o Identify files 1o avoid user conflicts. Temporary working files generated on the server
side for multiple users need to be kept separate so that an individual user gets the output
associated with his or her inputs. Without appropriate identifiers and handling, this is not

possible. We found the “process id” to be a good way to identify files.

Implementing a GUI of the type considered in this thesis may cost developers much
time to learn both the programming language for the interface and the commands and data
structures for the computational system(s). While we have noted that the effort may be
great, there are important benefits. The example implementations in this thesis illustrate
how to establish working interfaces to available computational tools that simplify the users’
access to powerful features of those tools, that is, an operational or production facility for
users. They also provide prototypes or models we can modify or adapt to other tasks, that is,
a framework for development. It can meet special needs for research, education and
business. There is no worry about payment or copyright permission for use of the
computational tools, but more importantly, we are not subject to the vendor changing the
specifications and requiring us to accept an “upgraded™ package that no longer works with
our interface. If necessary, we have the source code to work with. In short, the
user/developer is in control of his/her own computing.

The research focused only on computational software packages that support invocation
in batch mode, so the above approaches used might not apply to other software packages

directly. (Note that tools such as ActiveX controls are used to work around such issues.) We
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believe that batch invocation simplifies the development of a GUI for tasks such as

forecasting.

Recommendations for further research

Making the example interfaces widely applicable to environments in research, education and
business still requires a good deal of work. The following modifications and improvements
need to be made.

e Developing a spread-sheet window to enter, edit or store data;

e Providing for more statistical functions for forecasting analysis, such as Mean Absolute
Deviation (MAD), Mean Squared Deviation (MSD), ACF and Differencing;

» Providing for more types of graphical outputs;

¢ Providing for automatic optimization for choosing parameters.

While these are important for the functionality of future systems, they are not central to the

1ssues of establishing user-friendly interfaces to Free Sofiware.
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Appendices

In this thesis, we implemented RForecast on Linux and Windows, SciForecast on Linux and
Windows, and a local CGI for R on Windows. To provide the illustration but keep the thesis
modest in length, we included only scripts of three implementations: RForecast (Linux),

SciForecast (Windows) and the local GUI for R (Windows).

A. The Configuration and Installation of RForecast (Linux)

The following list shows the detail of the configuration when we developed RForecast.
e Operating system: Linux (Red Hat 7.2)
e Web Server: Apache 1.3.22
e Perl interpreter: Perl 5.6.0
e Graphical toolkir: Ghostscript 6.5.1
Netpbm 9.18

Statistical software: R 1.5.1

To install RForecast locally, please follow the steps as follows:
1. Copy all CGI programs into your CGI path:;
2. Copy the example data file (beer.dar) and the Help file (help.html) into your HTML path:

LI

. Install R with the zs add-on package;

4. Install ghostscript, pstopnm, ppmtogif, pnmcrop and pnmiflip;

W

. Change the location path of the Perl interpreter (when necessary);

b

[@))

. Change path variables in the varabs.cgi program.
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B. The CGI Programs of RForecast (Linux)

Listing B.1. The RForecast.cgi program

w Ny

LR S e S S S Y ¢ RN I SO P I

~N U bW N O

[N
o v wm

$1

[N}
[§]

29
30

32
33
2

35

3%
37

42
43
44
45
46

47
48
49

B

t varables about paths predefined in another file
uire './varabs.cgi';

IR A 4

/u
RForecast.cgi
g

1

use CGI;

print ("Content-type:text/html\n\n");
print ggl

<HTML>

<HEAD>

<TITLE>RForecast</TITLE>

</HEAD>

<BODY>

<FORM>

<CENTER>
<table>
<TI>
<td width=20%><img src="$imagepath/Rforecast.SPG"></td>
<td valign=bottom width=80%><H2 align=center> RForecast: a web-based forecas:ting
toolc/H2></td>
</tr>
<TIr>
<td colspan=2>chr></td>
</zx>
<ir>
<tdé align=center width=20%><A href="./hw.cgi" onMouseOut="window.status='RForecast'"
onMouseOver="window.status='Click here to conduct Holt-Winters smoothing analysis';
return true">Holt-Winters' smoothing</A></td>
<td rowspan=3 width=80%>
<p>This tool is used to conduct forecasting analysis with time series models.
t is based on the free statistical software <a href="hitp://www.r-
project.org/">R</a> and provides the following forecasting tools:<br>cbrs
<tools>
<li>Hol:i-Winters' Smoothinge</lis
<li>Time Series decompositione</li>
<1i>ARIMA modeling<br></lis>
</tools>
<br>Uers can upload time series from their local computers or use the sample data,
which is the monthly
production (megalitres) of beer in Australia from January 1956 to August 1595. The
cata can be dowload from
<a href="http://www-personal.buseco.monash.edu.au/~hyndman/TSTL">Time Series Data
Librarvc</as>,
provided by Rob Hyndman.<brs
<br>The approach to graphic format conversion was introduced by Jeff Banfield in his
<A href="htip://www.math.montana.edu/Rweb/">Rweb</A>. Rweb is a web-based interface to
R.
</p>
</zé>
</Txr>
<TI>
<td align=center><A hrefz="./tsd.cgi" onMouseOut=-"window.status='RForecast’'"
onMouseOver="window.status='Click here to conduct Time Series Decomposition analysis';
return true”">Time Series Decompositionc</A></td>
</tr>
<Tr>
<td align=center><A href="./arima.cgi" onMouseOut="window.status='RForecas:'"
onMouseOver="window.status='Click here to conduct ARIMA modeling analysis'; return
true"s>Arima modeling</As></td>

86



S50 </tr>

51 </table>

52 <br>cbrs

53 </center>

54 «<p>

55 Want to delete temporary files? Click <A href="./clearup.cgi"s>here</A> then.

56 </p>

57 l;

56

59 Smacnash="http://macnash.admin.uottawa.ca/\~sudan/incex.hztml";

50 copyright="Copyright\anbsp;\&copy; \&anbsp;2002 Sudan Wang";

61 Smymail="wsudan\@vahoo.com";

62

63 print gc|

64 <p>

65 1Interested in forecasting tools? Click <A href=$macnash
onMouseQut="window.status='RForecast'" onMouseOver="window.status='Click here to see
other implementations'; return true"sherec</A>

65 to see other implementations for R and <a href="hitp://www-
rocg.inria.fr/scilab/">Scilab</as>.

87 </p>

68 <center>

69 <brs>chrs

70 <font size=-2>S$copvright</fontsc<br>

71 <font size=-2>Any questions or comments please send o <a
href="mailto:$mymail"s>$Smymail</a></fonc>

72

73 </CENTER>

74 </FORM>

75 </BODY>

7€ </HTML>

77 !;

78 #the end

Listing B.2. The varabs.cgi program

#!/usr/bin/perl

R e e e S A e

¥ This file contains all the variables for RForecast to run properly.

To install the RForecast package locally, users need to change the following
variables to match their own installation.

FEEREEEERRESFEREIRAFEEREE 848 FRERIRREREEE
#the folder to save R command files
Sriilepath="/var/www/himl/sudan";

LPE R S B

1t it

LS T S T S S Ve I o - IR I (R V) Y 3

0 #the path to call Netpbm

1 S$netpbmpath="/usx/bin";

2

3 #the path to link GIF files

4 Simagepath="http://courses.gestion.uottawa.ca/sudan";
5

[



Listing B.3 The clearup.cgi program

#!/usr/bin/perl

##clearup.cgi

##get varables about paths predefined in another file
reguire './varabs.cgi';

use CGI;

#delete all temp files
my @systemcode= ("rm","$riilepath/*_*.gif");
my $runcode=system("@systemcode");

my @systemcode=("rm","$rfilepath/rlog_v.txt");
my S$runcode=system("@systemcode");

w N0

NS IS NS B S R R N e el e S I T I = I SO SR Vo R ¢ IO I (S UL B SN PV N I T

“

S my @systemcode=("cdel","$rfilepath/rfile_+.R");
§ my Sruncode=system("@systemcode”);

-

8 my @systemcode=("cel","S$rfilepath/newdata_v.dat");
¢ my $runcocde=system("@systemcode") ;

0

1 sshow the page

2 print ("Content-type:text/htmli\n\n");

3 print qq|

4 <HTML>

5 <HEAD>

6§ <TITLE>RForecast</TITLE>
27 </HEAD>
28 <BODY>
29 <FORM>
30 <br>

1 <p>All the temporary files saved in the $rfilepath directory have been deleted!</p>
32 <hrs>
33 Click <A href="./RForecast.cgi"s>Here</A> to return the home page.

34 </FORM>
35 </B0ODY>
36 </HTML>
37 l;

38

3% #the end
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Listing B.4 The hw.cgi program

/usr/bin/perl
hw.cgi

get varables about paths predefined in another file

reguire './varabs.cgi';

##get the process id of the Perl program in order to identify temporary files
$processid=$s;

w N

%
#!

o
w8
®F

##read in all the variables set by the input form
main: {

use CGI;

$query=new CGI;

- o

w N

if ($guery->param{'tf') ne "")

LIS IS S R S R S S L S S I SR T SV - TR s (R ¥ T Y

4 {&processform;}
5 else
6 {&prinzform;}
7}
8
9 #if no parameters sent by the form, then show the form
0 sub printform
1
2 print ("Content-type:text/himl\n\n");
3 print gg
4 <HTML>
25 <HEAD>
26 <TITLE> Holt-Winters' smoothing</TITLE>
27 <styles>
28 TABLE {width:80%;)
29 span {color:dlack;}
3C </styles
1 <script language="Javascript"s>
32 <!--
33
34 function DetectIE()
35 {
38 //Detect IE version
37 IEversion=0
38 if (navigator.appVersion.indexOZ ("MSIE") !=-1)
38 {
50 verTemp=navigator.appVersion.split ("MSIE")
41 IEversion=parseFloat (verTemp([1])
32 }
43 }
45 function SureForecast ()
45 {
46 //Dezect IE version
47 DetectIE()
48
9 //if IE's version is 5.0+, then usinc special dynamic features
0 if (IBversions>=3)
b {

[

if (cocument.hwForm.checkForecast.checked)

oW
—~

document . hwForm. foreNo.disabled=£false

Gyt U

5 document . hwForm. foredata.disabled=false
6 document . hwForm.realfore.disabled=£alse
7 document.hwForm.all.sl.style.color="black"
8 document . hwForm.all.s2.style.color="black"
E) document.hwForm.all.s3.style.color="black"
0 }
S else
62 {
63 document . hwForm. foreNo.disabled=true
64 document.hwForm. foredata.disabled=true
85 document.hwForm.realfore.disabled=true
13 document.hwForm.all.sl.style.color="gray"
87 document . hwForm.all.s2.style.color="gray"
68 document.hwForm.all.s3.style.color="gray"
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70 }
71 }
72 function checkform()
73 {
74 if (cdocument.hwForm.levelText.value) {var theilpha=document.hwForm.levelText.value}
75 if (document . hwForm.trendText.value) {var theGamma=document.hwForm.trendText.value)
76 if (document.hwForm.seasonText.value) {var theBeta=document.hwForm.seasonText.value}
77 var a=l
78 var b=l
72 var r=1
80 if (theAlpha<0) {a=0}else{if (theAlpha>l){a=0}else {a=1}}
81 if (theBeta<l){b=0}else{if (ctheBeta>l){b=0}else {b=1}}
82 if (theGamma<O) {r=0}else{if (theGamma>l){r=O}else {r=1}}
83 if (a==0

4 {alert ("Invalid weights! Weights should larger than 0 and less than .}
85 else
86 {
37 if (b==0)
EE] {alert("Invalié weights! Weights should larger than 0 and less than .M}
8¢ else
90 {

1 if (r==0)
92 {alert("Invalid weights! Weights should larger than 0 and less than 1."))
93 else
9S4 {
ER] if (!document.hwForm.sealength.value){alerz('A season length is reguired!')}
96 else
97 {

98 if (tdocument.hwForm.starttime.value){alert ('A start time is reguired!')}
8s else

00 {
101 if (!document.hwForm.startperiod.value){alert('A star:t period is

recuired! ')}
elsel{document .hwForm.tf.value="ok"}

W W)
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102 function theHelp()

i {

window.open ("$imagepath/help.htm", "helpwWindow", "HEIGHT=300, WIDTH=300, menubar, resizabl
e,scrollbars, status" )

3
w N

function cursor(text)
//Deczect IE version
DetectlE()

(S 2

~ v U o

//if IE's version is 5.0+, then using special dynamic features
if (IBversion»=3)
{

13

- O v m

sprompt.innerd¥TML=text

[ O O S e R T R S S N TR WY
SIS IS I S R S e S (4

2 sprompt.style.color="regd"
3 sprompt.style.visibility="visible"
4 sprompt.style.position="absolute"
25 sprompt.style.leit=event.clientX-30
26 sprompt.style.top=event.client¥+10
27}
28}
28
130 Zunction hidecursor()
133
132 //Detect IE version
133 DetectIE()
133
135 //if IZ's version is 5.0+, then using special dynamic features
136 if (IEversion»>=5)
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{sprompz.style.visibility="hidden"}

[/-=>
</script>
</HEADS>

<BODY>
<form name="hwForm" action="hw.cgi" enctype="multipart/form-data" method=posts>
<center><h3>Holt-Winters' Smoothing</h3»</centers>
<center>
<TABLE>
<TR>
<td></é>
<td align=center><inpu:t type="button" value="Help" onclick="theHelp() "></té>
<td align=right><A hrei="./RForecast.cgi" onMouseCut="window.status='RForecst-Winters
smoothing'" onMouseOver="window.status='Click here to choose other forecasting
methods'; return true"s>Home </A>c</td>
</TR>
<TR>
<t@ colspan=3>chr></td>
</TR>
<TR>
<TD colspan=3><b>Load data: </b>{if you don't choose a local file, the sample data
will be used.)</TD»>
</TR>
<TR>
<TD>Choose a local file: </TD»>
<TD colspan=2><INPUT type="£ile" name="filename"></TD>
</TR>
<TR>
<TD colspan=3><b><BR>Transfer the data to a time series:</b></TD>
</TR>

<TR><span id="spromp:t" style="visibility:hidden">WELCOME</span></TR>

<TR>
<TD>Length of season: </TD»>
<TD>Start time: </TD>
<TD>Star: period: </TD>

</TR>
<TR>

<TD><INPUT type="text" name="sealength" value="12" onBlur="if
(!document.hwForm.sealength.value) {alert ('A season length is
reguired!') ;cocument.hwForm.sealength.focus () }" onMousemove="cursor('Length of season
can be 12 months per vear, 4 guarters per vear, etc.')" onMouseout="hidecursor()"></TD>

<TD><INPUT type="text" name="starttime" value="1556" onBlur="if
(!document.hwForm.starttime.value){alert ('A start time is
reguired!') ;document.hwForm.starctime.focus() }* onMousemove="cursor('Start time can be
vear 1956, etc.')" onMouseout="hidecursor()"></TD>

<TD><INPUT type="text" name="startperiod" value="1" onBlur="if

({document.hwForm.startperiod.value) {alert ('A start period is
required!');document.hwForm.starcperiod.focus()}" onMousemove="cursor ('Start period can
be first month, third guarter, etc.')" onMouseout="hidecursor()”></TD>
</TR>

<TR>

<td colspan=3><hr></td>

</TR>
<TR>

<TD><b>Model type:</b></TD>

<TD><input type="radio" name="modelType" value="multiplicative"
checkeds>Multiplicative</TD>

<TD><input type="radio" name="modelType" value="additive">Additive</TD»
</TR>
<TR>

<TD colspan=3><b>Smoothing weights: </b>(if you leave the following weights blank,
the default weights will be chosen.)</TD>
</TR>
<TR>

<TD>Level (Alpha) : </TD>
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<TD>Trend (Beta) : </TD>
<TD>Season (Gamma) :</TD>

</TR>
<TR>
<TD><cinput type="text" name="levelText" onmousemove="cursor('The level weight should

be larger than 0 and less than 1')" onmouseout="hidecursor()"></TD>

<TD><input type="text" name="trendText" onmousemove="cursor('The trend weight should
be larger than 0 and less than 1')" onmouseout="hidecursor()"></TD»>

<TD><input type="text" name="seasonTexi" onmousemove="cursor ('The season weight
should be larger than 0 and less than 1')” onmouseout="hidecursor()"></TD>
</TR>

<zr>

<td colspan=3>chr></td>

</tr>

<TR>

<TD colspan=3><input type="checkbox" name="checkForecast" checked
onClick="SureForecast () "><b>Generate forecasts</b></TD>
</TR>
<TR>

<TD colspan=2><span id="sl" >Periods ahead of forecasting:</span>

</TD>

<TD><input type="text" name="ZoreNo" ID="foreNol" value="12" ></TD>
</TR>

<Tr>

<td colspan=3><hrs></zdé>

<TR>

<TD><b>0utput:</b></TD>

<TD><input type="button" value="Select all"
onClick="document.hwForm.fitdata.checked="'true’' ;document . hwForm. residata.checked="'srue’
;document . hwForm. Zoredata.checked="'true’' ;document.hwForm.logdata.checked="'true' ;documen
t.hwForm.realfit.checked='true’;document.hwForm.seagraph.checked="'true';document.hwForm
.resigraph.checked="'true’' ;document . hwForm.realfore.checked="true'; "></TD>

<TD><input type="button" value="Unselect all"

onClick="cdocumen:.hwForm.Zitdata.checked=false;document .hwForm.residata.checked=£false;d
ocument .hwForm.foredata.checked=£alse;document .hwForm.logdata.checked=alse; documens. hw
?orm.:ealfi:.checked:false;document.hw?orm.seagraph.checked:false;documen:.hw?orm.resig
raph.checked=£alse;document.hwForm.realfore.checked=5alse; "></TD>
</TR>
<TR>

<TD>Data</TD>

<TD><input type="checkbox" name="Iitdata">Fitted data</TD»>

<TD><input type="checkbox" name="resicdata"sResicduals</TD»>
</TR>
<TR>

<TD></TD>

<TD><input type="checkbox" name="forecata" ><span id="s2">Forecas:t values</span></TD>

<TD><input type="checkbox" name="logdata" >R log file</TD»>
</TR>
<TR>

<TD>Graphics</TD>

<TD><input type="checkbox" name="realfit" checked>Plot real data & fits</TD>

<TD><input type="checkbox" name="seagraph”>Plot seasonal index</TD>
</TR>
<TR>

<TD></TD>

<TD><input type="checkbox" name="resigraph">Plot resicduals</TD>

<TD><input type="checkbox" name="realfore"><span id="s3">Plot real data &
forecasts</span></TD>
</TR>

<tIr>

<td colspan=3><chr></td>

</tr>

<tIr>
<td><input type="hidden" name="tf" value=""></td>

<td><input type="button" name="runButton" value=" Go "

enClick="checkform() ;submit () ">&nbsp;&nbsp</té>
<td><input type="button" name="clearBution" value=" Clear "

onClick="reset () ;document.hwForm.£foreNo.value="'"';document .hwForm.sealength.value="";doc
ument . hwForm.starttime.value='';document.hwForm.startperiod.value="'"';"></td>



249 </tr>

250

251 </TABLE>

252

253 </center>

254 </forms>

255 </BODY>

256 </HTML>

257 |:

258 }

259

260 #if got parameters sent Irom the form, then process the parameters
261 sub processform

262 {

263 sread variables set by the input form
264 $filename=Squery-s>param('£ilename’);
265

265 $sealength=§guery->param('sealength');

267 $starttime=$Sguery->param('starctime');

268 $startperiod=$guery->param('startperiod');

269

270 $modeltype=$gueryv-s>param( 'modelType') ;

271 S$level=Squery->param('levelText');

272 if {Slevel=="") {Slevel="NULL";}

273 $trend=$guery-s>param('trendText') ;

274 if ($Strené=="") {Strend="NULL";]}

273 $season=$guery->param| 'seasonText') ;

276  if ($season=="") {$season="NULL";)

277 $isfore=§guery-s>param('checkForecast');

278 $Zoreno=S$guery->param('foreNo') ;

278 $fitdata=Squery-s>param('ficdata'’);

280 Sresidata=$guery-s>param('residata’);

281 $foredata=Sguery->param(‘foredaza');

282 $logéata=$query-s>param('logcata’);

283 Srealfit=§guery->param('realfit');

284 S$seagraph=§query-s>param{'seagraph');

285 $resigraph=$§query->param('resigraph');

286 Srealfores=S$Sqguery-s>param{‘'realfore');

287 #Zprint the outputs of the processing

288 print ("Content-type:text/html\n\n");

289  print gg

25¢ <HTML>

291 <HEAD><ctitlesHolt-Winters'</titles

282 </HEAD>

283 <BODY>

294 <FORM>

285 <center><h3>Output for Holt-Winters' smoothing</h3></centers

298¢ <p align="right"><A href="./RForecast.cgi" onMouseOut="window.status='RForecst-Winters
smoothing'" onMouseOver="window.status='Click here to choose other forecasting
methods'; return true"s>Home </A></p>

297 Your outputs are processing now. It may take several minutes...<BR>

298 l:

285

300 s##read data from the client file (Sfilename) and write the data to a server file
($Sseverfile)

301 $severfile="$rfilepath/newdata_§prodessid.dat";

302 if (-e $filename) {

303 if ((-T $filename)&&(-s $filename))

304 open (DAT, ">8severfile™);

305 while (read($Zilename,S$buffer,16384))

306 print DAT S$buffer;

307 }

308 close (DAT) ;

309 }

310 else{

311 #3#print the error message

312 print gg|

313 There are some errors when processing vour data file $filename. The reasons may
be the following: <dr>

314 1. The data file is not a text file. <br»>

315 2. The cdata file has a size of zero or unknown characters.<br»>



hr>
Please click
<A href="./hw.cgi">here </Asto try it again.
|
exit();

}

W L W oW
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e R command file
="$rfilepath/rfile_Sprocessid.R";
328 open (DAT, ">Srfile");
32% print DAT "##rfile.R\n";
330 print DAT "#Holct-Winters\n"®;
331 print DAT “library(ts)\n";
332 $sample="S$rfilepath/beer.cdat";
333 #if the user doesn't choose any local file, then by default use the sample data
(beer.dat)
333 if ($filename=="")
335 {print DAT "mydata<-read.table(\"$rfilepath\/beer.daz\")\n";}
336 else
337 {print DAT "mvcaha<-*eac table (\"$severfile\")\n";}

LW W W W wwWw
NN ON
o0 w KN = o

338

339 print DAT "n<-nrow(mycéata)\n";

35 print DAT "c<-ncol (mydata)\n";

341 print DAT "newc<-c+l\n";

342 print DAT "cyclec-floor (n/Ssealength)\n*;

343 print DAT "rest<-n-cycle*Ssealength\n";

334 print DAT "season<-$sea‘enc'h\n“;

343 print DAT "#convert the data to time series objecz\n";
336 print DAT "ts.mydatac<-

ts(mydatal,1],start=c($starcttime, Sstarcperiod), frequency=$sealength)\n";

print DAT “"startTimec-$starttime\n”;

print DAT "startPeriod<-$startperiod\n";

print DAT "#fit the data to Holt-Winter model\n";

print DAT "hw.mydata<-
Hol:Win:ers(:s.myda:a,alpha:Slevel,be:a:S:rend,gamma:Sseason,seasonal:\"Smodeltype\")\n

",
;

'S

Ul

W W W W
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o w w

351 print DAT "#generate the fitted data \n"~

332 print DAT "fit.mydata<-fitted(hw.mydata)\n";

353

354 print DAT "myresultc-
¢(hw.mydata\$seasonal, hw.mydata\Salpha, hw.mydata\$beta, hw.mydata\Sgamma, hw.mydata\$SSE)
\nn.

355 rint DAT

"write.table (myresult,file=\"S$rfilepath\/myresult_$processid.tx:\",gquote=FALSE, row.name
s=c{\"mocel type:\",\"alpha:\",\"beta:\",\"gamma:\",\"sum of sguared
errors (SSE) :\"),col.names=c {\"The final results:\"))\n";

357 #if need to make forecas:t
358 if (defined Sisfore)

359

360 print DAT "#make forecas:t\n";

361 print DAT "fhw.mycdatac<-predict(hw.mydata, n.ahead=$foreno)\n";
362 #output forecast values

363 if (cefined $foredata) |

364 print DAT "#output forecast values\n";

365 print DAT "ma.fhwc-data.matrix(fhw.mydata)\n";

366 print DAT "ve.fhw<-as.vector(ma.shw)\n";

367 print DAT

"wri:e table(ve.fhw,file=\"S$xrfilepath\/foredata_$processid.txt\",quote=FALSE, row.names=
FALSE,col.names=c(\"The forecast values:\"))\n";

368 }
369 #plot real data ané forecasts
370 if (cdefined $realfore)(
371 print DAT "#plotting the real data and forecasting values\n";
372 print DAT
"postscript (file=\"$rfilepath\/realfore_S$processid.ps\",width=30,height=30)\n";
373 print DAT "ts.plot{ts.mydata, fhw.mydata,col=c(\"blue\",\"red\"))\n";
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print DAT "title(main=\"The plot of real cata and forecasts (real data: blue,

forecasts: red)\")\n";

print DAT "dev.off()\n";

}
}
#output fitted data
if (Gefined $fitdata) {

print DAT "doutput fitted data\n";

print DAT "ma.fitc<-data.matrix{fit.mydata)\n";

print DAT "ve.fitc-as.vector(ma.fit)\n";

print DAT
"write.table(ve.fit,file=\"Sriilepath\/fitdata_Sprocessicd.txc\", quote=FALSE, row.names=F
ALSE,col.names=c(\"The fittecd data:\"))\n";

}

print DAT "re.mydata<-residuals.HoltWinters(hw.mydata)\n";

[ 3

output residuals
£ (cefined Sresidata){
print DAT "#output residuals\n";
print DAT "ma.re<-data.matrix(re.mydata)\n";
print DAT "ve.rec-as.vector(ma.re)\n";
print DAT
"write.table(ve.re,file=\"Srfilepath\/residaza _Sprocessid.txt\",quote=FALSE, row.names=
ALSE, col.names=c(\"The residuals:\"))\n";

}

#plot real data and fits
if (defined $realfit){
print DAT "splotting the real data and fizs\n";
orint DAT
"pos“scrip:(file:\"Srfilepath\/realfi:_$processid.ps\“,wid:h:BO,heigh:=30)\n";
print DAT “"ts.plot{ts.mydata,fit.mydata,coli=c(\"blue\",\"red\"))\n";
print DAT "title(main=\"The plot of real data and fits (real Gata: blue, fits:
red)\")\n";
print DAT "dev.off()\n";
}
#plot residuals
if (definec s'es igraph) {
print DAT "#plotting the residuals\n";
print DAT
"postscript{file=\"Srfilepath\/resigraph_Sprocessid.ps\",width=30,height=30)\n";
print DAT "plot(re.mydata,col=c{\"blue\"}))\n";
print DAT "title(main=\"The plot of residuals\")\n";
print DAT "dev.off()\n";

'

—~—

#plot seasonal index
if (Gefined S$seagraph){
print DAT "#plotting the seasonal index\n";
print DAT "coefc-hw.mydata\$coefficients\n";
print DAT "sea.index<-coef [3:14]\n";
print DAT
"postscript{file=\"Srfilepath\/seagraph_S$processid.ps\",width=30,height=30)\n";
print DAT "plot(sea.index, type=\"b\")\n";
print DAT "title(main=\"The plot of seasonal indices\")\a";
princ DAT "dev.off()\n";

print DAT "\n";

close (DAT) ;

#%run rfile.txt in batch mode
Srlog="S$riilepath/rlog_Sprocessid.txt";
system("R --vanilla <$rfilesSrlog");
print gg|

<hr>

<b>To save the following results, please use COPY and PASTE.</b><br>
|:

#%output the result (alpha,beta,gamma,SSE...)
Sdatafile="S$rfilepath/myresult_Sprocessid.txt";
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436 if (-e S$datafile){

437 open (DAT, $datafile);
438 @data=<DAT>;

439 close (DAT);

44 print "<pres>@datac<\/pre>\n";
45 unlink (Scatafile);

[-24

44

£2

44 ##outpur fits

54 if (defined S$fitdatza)(
44

S$catafile="S$riilepath/fitdata_$processid.txt";
£ (-e $datafile){

open (DAT,Scatafile);

@data=<DAT>;

close (DAT) ;
#print "<textarea rows=10 cols=30>@datac<\/textarea><br>\n";
print "<pres>@datac<\/pres\n";
unlink ($catafile);

}
#zoutput forecasts
if (defined S$forecdata){
$catafile="$rfilepath/forecata_Sprocessid.txt";
if (-e Sdatafile){
open (DAT,S$datafile);
@data=<DAT>;
close (DAT) ;
#print "<textarea rows=5 cols=50>@datac\/textarea><br>\n";
print "<pres>@data<\/pres\n";
unlink ($datafile);

}

output residuals
(defined S$residata){
Scdatafile="Srfilepath/residata_Sprocessid.txt";
if (-e Sdatafile)!
open (DAT,Sdatafile);
@data=<DAT>;
close (DAT) ;
#print "<textarea rows=5 cols=50>@data<\/textarea><br>\n";
print "<pre>@data<\/pres\n";
unlink(Sdatafile);
}
}
#zoutput R log file
if (defined $logdata){
if (-e $rlog){
open (DAT,Srlog);
@data=<DAT>;
close (DAT) ;
print "R log file:<br>\n";
#print "<textarea rows=5 cols=530>®datac\/texctareas<br>\n";
print "<pres>@data<\/pre>\n";
unlink ($catafile);
}
1
##t0 generate the identifier for ppm file
$ppmid=join('', Sprocessid, '001'};

3
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Splotname="$rfilepath/realfit_Sprocessid.ps";
if (-e $plotname){
#Fconvert the time series plot from ps format to gif format
system("Snetpbmpath\/pstopnm -nocrop -yborder 0 -xborder 0 -portrait
$rfilepath\/realfit_Sprocessid.ps");
500 system("Snetpbmpath\/pnmcrop Sriilepath\/realfit_S$ppmid.ppm | $necpbmpath\/pnmflip -
rotate270 |sSnetpbmpath\/ppmtogif -t rgbi:1/1/1 >$rfilepath\/realfit_Sprocessid.gif");

'S
WWWWWWIPWWWEOEDDO®POEOO®B- ]I DD DI

EATIE I 1Y

501

502 ##print the real-£fit graph

503 rint gqf

504 <br><img src="$imagepath/realfit_Sprocessid.gif"><br>
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#delete temp graphics

unlink(Sp‘o»name)
unlink("$rfilepath/realfic_$ppmid.ppm");
#unlink("$rfilepath/realfit_$processid.gif");
}
Splotname="$rfilepath/resigraph_Sprocessid.ps";
if (-e $plotname) {

##convert the residual plot from ps format o ng ‘orma’

system("$netpbmpath\/pstopnm -nocrop -vborder
Srfilepath\/resigraph_Sprocessid.ps"};

system("$netpbmpath\/pnmcrop $riilepath\/resigraph_Sppmid.ppm |[Snetpbmpath\/pnmilip

-rotate270 |Snetpbmpath\/ppmzogif -t rgbi:1/1/1
>$rfilepath\/resigraph_Sprocessid.gif");

##print the residuals graph
print qgj
br><img src="$imagepath/resigraph_S$processid.gif"><brs>

<
I
#delete temp graphics
unlink($plotname) ;
-lnk( $riilepath/resigraph_$ppmic.ppm") ;
#unlink ("$rfilepath/resigraph_$processid.gif");

$plotname="$riilepath/seagraph_S$processid.ps";
if (-e S$plotname)

##convert the seasonal index plot from ps format
system("$Snetpbmpath\/pstopnm -nocrop -vborder 0

$rfilepath\/seagraph_Sprocessid. ps")

system("$netpbmpath\/pnmcrop Srfilepath\/seagraph_Sppmid.ppm |$netpbmpath\/pnmilip -
>$riilepath\/seagraph_Sprocessid.gif");

rotate270 |Sneupbmpa-H\/ppm.ogz- -T ‘gbi:l/l/l
##print the seasonals graph
print qg|

<br><img src="Simagepath/seagraph_Sprocessid.gif"><br>

i

#delete temp graphics

nlink ($ploztname);

‘ink("s filepath/seagraph_Sppmid.ppm");

wunllnn("s--ilepa h/seagraph_Sprocessid.gif");

—~

$plotname="$rfilepath/realfore_Sprocessic.ps"
if (-e $plotname) {

#convert the real-fore plot from ps format to gif forma:

w5
svs *em("Sne;pbmpa:h\/ps:opnm -nocrop -vborder 0
Srfilepath\/realfore_$processid.ps");

system("$netpbmpath\/pnmcrop Sr-z’epa¥h\/'ealfore Sppmzc ppm |$netpbmpath\/pomfl
filepath\/realfore_Sprocessid.gif");

rotate270 |[$netpbmpath\/ppmtogif -t rgbi:1/1/1

##print the real-fore graph

print qg|

<br><img src="$imagepath/realfore_Sprocessid.gif"sc<br>
I

#delete temp graphics
unlink (Splotname);
unlink ("$rfilepath/realfore_S$ppmid.ppm");
#unlink ("$rfilepath/realiore_Sprocessid.gif");

}

unlink({$rlog);
unlink(s$rfile);

if (-e S$severfile)
{unlink ($severfile) ;)

print gqj
</FORM>
</BODY>
</HTML>
|5

#the end
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Listing B.5. The tsd.cgi program

t/usr/bin/perl

tRtsd.cgi

##get varables about paths predefinecd in another file

reguire './varabs.cgi';

#%get the process id of the Perl program in order to identify temporary files
$processid=$§;

i 1 1

##read in all the variables set by the input form
main: {

use CGI;

Squery=new CGI;

if (Squery-s>param('tf') ne "")
{&processform; )

else

{&printform; }

Lol Sl Sl R S T S SV N ¢ BN I Y U1 B SO N I N 2

SN U b WO

19 #if no parameters sent by the form, then show the form
20 sub printform

21 |
22 print ("Content-type:text/html\n\n");
23 print qg
24 <HTML>
25 <HEAD>
26 <TITLE>Time Series Decomposition</TITLE>
27 <styles
28 TABLE {width:80%;}
29 span {color:black;}
30 </style>
31 <script language="Javascript"s>
32 <!--
33
4 function DetectIE()
35
36 //Dectect IE version
37 IEversion=0
38 if (navigator.appVersion.indexOf ("MSIE") !=-1)
30 {
40 verTemp=navigator.appVersion.split ("MSIE")
41 Eversion=parserFlioat (verTemp[1])
42 }
43 }
44 function SureForecast ()
45 {
46 //Detect IE version
47 DetectIE()
48
9 //if IE's version is 5.0+, then using special dynamic features
o if (IEversion>=35)
.
2 if (document.tsdForm.checkForecast.checked)
3 {

g

document .tsdForm. foreNo.disabled=false
document.tsdForm.foredata.disabled=£alse

w

[ document .tsdForm.realfore.disabled=£false

7 document.csdForm.all.sl.style.color="black"
8 document.tsdForm.all.s2.stvle.color="black"
9 cdocument.tsdForm.all.s3.style.color="hlack"
o]

1 else

2 {

3

document . tsdForm.foreNo.disabled=true
document . tsdForm. foredata.disabled=true
document .tsdForm.realfore.disabled=true
document.tsdForm.all.sl.style.color="gray"

GO Oyt B Uy UL U UL

Gy U s
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67 document.tsdForm.all.s2.style.color="gray"
68 document.tsdForm.all.s3.stvle.color="gray"
59

70 }

7 }

72 function checkform()

73 {

74 document.tsdForm.tf.value="ok"

75 }

76

77 function theHelp()

78 {

79

window.open ("$imagepath/help.htm", "helpWindow", "HEIGHT=300,WIDTH=300, menubar, resizable,
scrollbars,status" )

80 }

61 function cursor(text)

82 {

83 //Decect IE version

84 DetectIE()

83

8% //if IE's version is 5.0+, then using special cdynamic features
87 if (IEversion»>=5)

88 {

89 sprompt.innerHTML=text

90 sprompt.styvle.color="redé"

81 sprompt.style.visibility="visible"
92 sprompt.style.position="absoluze"
&3 sprompt.style.lefz=event.clientX-50
94 sprompt.style.top=event.client¥+10
95 }

96 }

e7

S8 function hidecursor()

o9 {

100 //Dezect IE version

02 DetectIE()

102

103 //if IE's version is 5.0+, then using special cdynamic features
104 if (IEversions>=3)

105 {sprompt.style.visibility="hidden"}

106 }

107 //-->

108 </scripts>
109 </HEAD>

il <BODY>

112 <form name="tsdForm" action="tsd.cgi" enctypes="multipart/form-data" methodsposts
113

114 <center>ch3>Time Series Decomposition</h3s»</centers>

115 <centers>

116 <TABLE>

17 <TR>

18 <tds></té>

113 <td align=center><input type="button" value="Help" onclick="theHdelp()"></td>
120 <td align=right><A nhref=".(/RForecast.cgi">Home </As></td>

12k </TR>

122 <TR>

123 <td colspan=3><hr>c</td>

124 </TR>

125 <TR>

126

<TD colspan=3>c<b>Load data: </b>(if you don't choose a local file, the sample data
will be used.)</TD>

127 </TR>

128 <TR>

129 <TD>Choose a local file: </TD»>

130 <TD colspan=2><INPUT type="Zile" name="filename"></TD>

131 </TR>

132 <TR>

133 <TD colspan=3><b><BR>Transfer the data to a time series:</b></TD>

124 </TR>
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175
176
177
178
175
180
181
182
183
184
185
186

<TR><span ids"sprompt" style="visibility:hidden">WELCOME</span></TR>

<TR>
<TD>Length of season: </TD>
<TD>Start time: </TD>
<TD>Start period: </TD»>

</TR>
<TR>
<TD><INPUT type="texti" name="sealength" value="12" onBlur="if
(tdocument.tsdForm.sealength.value) {alert ('A season length is
required! ') ;document.tsdForm.sealength.focus() }" onMousemove="cursor ('Lengzh of season
can be 12 months per year, 4 guarters per vear, etc.')" onMouseout="hidecursor()"></TD>
<TD><INPUT type="tex:i" name="starttime" value="1956" onBlur="if
(!document.csdForm.starttime.value) {alert ('A start time is
reqguired!') ;document.tsdForm.starttime.focus () }" onMousemove="cursor('Start time can be
year 1956, etc.')" onMouseout="hidecursor()"></TD>
<TD><INPUT type="texi" name="startperiod” value="1" onBlur="if
(!document.tsdForm.startperiod.value) {alerz ('A start period is
required!') ;document.tsdForm.startperiod.focus{)}" onMousemove="cursox('Start period
can be first month, third guarter, erc.')" onMouseout="hidecursor()"></TD>
</TR>
<TR>
<td colspan=3>chr></td>
</TR>
<TR>
<TI><b>Model type:</b></TD»>
<TD><input type="radio" name="modelType" value="multiplicative"
checked>Multiplicative</TD>
<TD><input type="racdio" name="modelType" value="additive">Additive</TD>
</TR>
<tr>
<td colspan=3>c<chr></td>
</zr>
<TR>
<TD colspan=3><input type="checkbox" name="checkForecast" checked
onClick="SureForecast () "><b>Generate forecasts</b></TD>
</TR>
<TR>
<TD colspan=2><span id="sl" >Periods ahead of forecasting:</span>
</TD>
<TD><inpul type="text" name="foreNo" ID="foreNol" value="12" ></TD»>
</TR>
<Tr>
<td colspan=3>chr></td>
</Tr>
<TR>
<TD><b>Output:</b></TD>
<TD><input type="button" value="Select all"
onClick="document.tsdForm.fitdata.checked="'true' ;documen:.csdForm.residata.checked="'tru
e';document.tscForm. foredata.checked="'true’' ;document.tsdForm.logdata.checked="true"' ;doc
ument.tsdForm.realfit.checkeds='true’ ;document.tsdForm.seagraph.checked="true’' ;document.
tsdForm.resigraph.checked="'true' ;document.tsdForm.realfore.checked="'true'; "></TD>
<TD><input type="button" value="Unselect all"
onClick="document.tscForm.fitdata.checked=£false;document.tsdFerm.resicdata.checked=<alse
idocument .tsdForm. foredata.checked=false;document.csdForm.logdata.checked=£false; documen
t.tsdForm.realfit.checked=£alse;document.tsdForm.seagraph.checked=Ffalse;document . tsdFor
m.resigraph.checked=Zalse;document.tsdFform.realfore.checked=~false; "></TD>
</TR>
<TR>
<TD>Data</TD>
<TD><input type="checkbox" name="fitdata"s>Fitted cdata</TD>
<TD><input type="checkbox" name="resicdata">Residuals</TD>
</TR>
<TR>
<TD></TD>
<TD><input type="checkbox" name="foredata" ><span id="s2">Forecast values</span></TD>
<TD><input type="checkbox" name="logdata" >R log file</TD>
</TR>
<TR>
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187 <TD>Graphics</TD>

188 <TD><input type="checkbox" name="realfit" checked>Plot real data & fizs</TD»>
189 <TD><input type="checkbox" name="seagraph">Plot seasonal index</TD>

190 </TR>

191 <TF>

192 <TD></TD>
193 <TD><input type="checkbox" namez="resigraph"s>Plot residuals</TD»>
194 <TD><cinput type="checkbox" name="realfore"s><span id="s3">Plo: real darta &

forecasts</span></TD>
195 </TR>

156 <tr>

197 <td colspan=3>chr></td>

198 </tr>

185 <TI>

200 <td>cinput type="hidden" name="tf" value=""></td>

201 <td><input type="button" name="runButton" value=" Go "
onClick="checkiorm();submit () ">anbsp;&nbsp</td>

202 <té><cinput type="button" name=“"clearButton" value=" Clear "
onClick:"rese:[):documen:.:sd?o:m.foreNo.value:";documen:.:sd?orm.sealeng;h.value:";d
ocumen:.:sd?orm.s:ar::ime.value:";documen:.:sd?orm.star:period.value:";"></:d>

203 </Tr>

204

205 </TABLE>

206

207 </centers
208 </form>
209 </BODY>
210 </HTML>
211 |
212 }
213
14 #if got parameters sent Irom the form, then process the parameters
215 sub processform

216 {

7 #read variables set by the input form
218 filename=§Sguery-s>param('filename');
219

220 Ssealength=$gquery->param('sealength’);
221 $starttime=$guery-»>param('starcsime’) ;
222 $startperiod=$query->param('startperiod');

224 S$modeltype=$query->param(’'modeiType') ;
225 Sisfore=$qguery->param('checkForecast');
228 $foreno=Sguery-s>param('foreNo') ;

227 $fitdata=$Squery-s>param('fizdaca’');

228 Sresidata=Sguery-s>param('residaza’');
229 $Zoredata=Sgquery-s>param('foredata');
230 $logdata=$query->param(’logdaza’);

231 $realfit=$Sqguery->param('realfiz');

232 $seagraph=$query->param(’'seagraph');
233 $resigraph=$query->param('resigraph');
234 Srealfore=$querv-s>param('realfore');

2386 ##print the outputs of the processing

237 print ("Content-type:text/html\n\n");

238  print gg|

239 <HTML>

240 <HEAD><title>Time Series Decompositionc</titles

242 </HEAD>

242 <B0ODY>

243 <FORM>

244 <center><h3>Output for Time Series Decomposition</h3></centers

243 <p align="right"><A href="./RForecast.cgi"” onMouseOut="window.status='RForecst-Time
Series Decomposition'" onMouseOver="window.status='Click here to choose other
forecasting methods'; return true's>Home </A></p>

246 Your outputs are processing now. It may take several minutes...<BR»>

247 |;

248

249 #¥read data from the client file ($filename) and write the data to a server file
(Sseverfile)

250 S$severfile="$rfilepath/newdata_Sprodessid.dat";
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287
288
282
220
252
292
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312
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318

if

£ (-e $filename)

if ((-T $filename)&&(-s $filename)) {
open (DAT, ">$severfile");
while

}

(read(Sfilename, Sbuffer, 16384)) {

print DAT S$buffer;

close (DAT);

else{
##print the error message
print qg
There are some errors when processing vour data file $filename. The reasons
be the following: <br>
The data file is not a text file. <hr>

4

2. The data file has a sice of zero or unknown characters.<br>
<hr>
Please click
<A href="./tsd.cgi"shere </A>to try it again.
exit();

}
}

##write R command file
Srfile="$rfilepath/rfile_Sprocessic.R";
open(DAT, ">$rfile");

print
princ

print

DAT
DAT
DAT

"##rfile.R\n";
"EETSD\n";
"library(zs)\n";

Ssample="S$rfilepath/beer.datc";
#if the user doesn't choose any local file, then by default use the sample data

{beer.gazt)

if ($filename=="")
{print DAT *mydatac<-read.table(\"Srfilepath\/beer.cat\")\n";}

else

{print DAT "mydata<-read.table (\"Sseverfile\")\n";}

print
print
print

rint
print
print
print
print

DAT
DAT
DAT
DAT
DAT
DAT
DAT
DAT

"ne<-nrow (mydata) \n";

"ce<-ncol (mydata) \n";

"newcc-c+1\n";

v*cyclec-floor (n/S$sealength) \n";
"rest<-n-cycle*$sealength\n";
"season<-$sealength\n";

"#convert the data to time series object\n";
"vs.mydatac-

ts(mydatal,l],start=c($startcime,$starcperiod), fre vency=$sealength)\n";

print
print
princ
print
print

DAT
DAT
DAT
DAT
DAT
DAT
DAT

DAT
DAT
DAT
DAT
DAT
DAT
DAT
DAT
DAT
DAT
DAT
DAT

"startTimec-$starctime\n";
"startPeriod<-$startperiod\n";

"#fit the data to TSD model\n";
"mydatal,newcl<-c(2:n}\n";
"im.mydatac-lm{mydatal,1]~mydata(,newc])\n";
"inte.mycatac<-lm.mycata\Scoefficients{i]\n";
"slope.mydatac<-lm.mycata\Scoefficients[2]\n";

"tsd.mydata<-decompose({ts.mydata, type=\"Smodeltyvpe\")\n";
"index.mydatac<-tsd.mydata\$figure\n";

“seasonal .mydata<-rep (index.mydata,times=cycle)\n";
"doSeason<-function(resz,x,v) {\n";

"le<c-length(x)\n";

"if (rest!=0){\n";

"for (i in i:rest){\n";

"x[le+il<-vil\n";

"x}}\a";

velse {x}}\n";
"seasonal2.mycdatac-doSeason(rest,x=seasonal.mydata,y=index.mydata)\n";
"trend.mydata<-inte.mydata+mydatal,newe) *slope.mydata\n";
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grint DAT "myresultc<-
matrix(c(tsd.mydata\$type,rep(\"\",21),tsd.mydata\$figure[1:12], inte.mydata, rep(\"\", 11
) ,slope=c{slope.mydata),rep(\"\",21)),nrow=4,ncol=12,byrow=TRUE) \n";

print DAT

"write.table (myresult,file=\"S$riilepath\/myresult_$processid.txt\", quote=FALSE, row.name
s=c(\"model type:\",\"seasonal indices:\",\"intercept of the treand eguation:\",\"slope
of the trend egquation:\"),col.names=c(\"The £inal results:\",rep(\"\",11)))\n";

#check the mocdel type and

if (Smodeltype == "multiplicative")

{print DAT "fit.mydata<-trend.mydata*seasonal2.mydata\n";}
else

{print DAT "fit.mydatac-trend.mydata+seasonal2.mydaza\n";)

print DAT "#generate the fitted data\n";
print DAT "fit.ts<-ts{fit.mydata,start=c(startTime,starcPeriod), frequency=season)\n";

if need to make forecas:
£ (defined Sisfore)

print DAT "#make forecast\n";

print DAT "trend.forec<-inte.mydata+c((n+1):(n+$foreno))*slope.mvdata\n";
print DAT "doForeSea<-function(re,y,fore,sea){\n";

print DAT "x<-rep(NA,times=fore)\n";

print DAT "for (j in l:fore)\n";

print DAT "{if (re==0)\n";

print DAT "{mm<-j¥¥sea}\n";

print DAT "else\n";

print DAT "{mm<- (j+re)$sseal}\n";

print DAT "if (mm==0)\n";

print DAT "{x[jl<-v[seal}\n";

print DAT "else\n";

print DAT "{x[jl<-v[mm]}}\n";

print DAT "x}\n";

print DAT "season.forec<-doForeSea(re=rest,y=index.mydata,fore=$Zoreno, sea=season)\n";

#check the model type

1f ($modeltype == "multiplicative")

{prinz DAT "fore.mydata<-trend.fore*season.fore\n";}
else

{print DAT "fore.mydata<-trend.fores+season.Zore\n";}

print DAT "doTs<-function(time,cy,re){\n";

print DAT "if (re==0){\n";

print DAT "mystart<-c({time+cy), 1) }\n";

print DAT “else{\n";

print DAT "mystart<-c({time+cy-1), (re+1))}\n";

print DAT "mystart}\n";

print DAT "theStart<-doTs(time=star:tTime,cy=cycle,re=rest)\n";

print DAT "fore.ts<-ts{fore.mydata,start=theStart, frequency=season)\n";

fFoutput forecas: values
if (defined $foredata){
print DAT "#output forecas:t values\n";
print DAT "ma.tsdc-data.matrix(fore.ts)\n";
print DAT "ve.tsdc<-as.vector{ma.tsd)\n";
print DAT
"write.table(ve.tsd,file=\"$rfilepath\/foredata_Sprocessid.txt\",quote=FALSE, row.names=
FALSE, col .names=c(\"The Zorecast values:\"))\n";
}
#plot real data and forecas:s
if (defined S$realfore)
print DAT "#plotting the real data and forecasting values\n";
print DAT
"postscript (file=\"$rfilepath\/realfore_$processid.ps\",width=30,height=30)\n";
print DAT "ts.plot(ts.mydata, fore.ts,col=c(\"blue\",\"red\"))\n";
print DAT "title(main=\"The plot of real data and forecasts (real data: blue,
forecasts: red)\")}\a";
print DAT "dev.off()\a";
}

}
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#output fitted data
if (defined $fitdata)

print DAT “#output fitted data\n";

print DAT "ma.fit<-data.matrix(fit.ts)\n";

print DAT "ve.fitc-as.vector(ma.fit)\n";

print DAT
"write.table(ve.fit,file=\"$rfilepath\/fitdata_$processid.cxt\", quote=FALSE, row.names=7
ALSE, col.names=c(\"The fitted daza:\"))\n";

#output residuals
print DAT "re.mydata<-ts.mydata-fit.ts\n";

if (defined S$residata){

print DAT "#output residuals\n";

print DAT "ma.rec<-data.matrix(re.mydata)\n";

print DAT "ve.rec-as.vector(ma.re)\n";

print DAT
"write.table(ve.re,file=\"Srfilepath\/residata_S$processid.txt\", quote=FALSE, row.names=F
ALSE, col.names=c (\"The residuals:\"))\n";

#plot real data and fits
if (defined Srealfit)
print DAT "#plotting the real data and fits\n";
print DAT
"postscript(file=\"S$rfilepath\/realfit_Sprocessid.ps\",wicdth=30,height=30)\n";
print DAT "ts.plot(ts.mydata,fit.ts,col=c(\"blue\",\"red\"))\n";
print DAT "title(main=\"The plot of real data ané fits (real data: blue, fits:
red)\")\n";
print DAT "dev.off{)\n";
}
#plot residuals
if (defined Sresigraph){
print DAT "#plotting the residuals\n";
print DAT
"postscript (£ile=\"$riilepath\/resigraph_$processid.ps\",width=30,height=30)\n";
print DAT "plot(re.mydata,col=c(\"blue\"))\n";
print DAT "title(main=\"The plot of residuais\")\n";
print DAT "dev.off()\n";
}
#plot seasonal index
if (defined $seagraph){
print DAT "#plotting the seasonal index\n";
print DAT "index<-tsd.mydatal\$figure\n";
print DAT
"postscript (file=\"$riilepath\/seagraph_Sprocessid.ps\",width=100,height=100)\n";
print DAT "plot(index, type=\"b\")\n";
print DAT "title(main=\"The plo: of seasonal indices\")\n";
print DAT "dev.off{()\n";

}

print DAT "\n";
close (DAT) ;

un rfile.txt in batch mode
og="S$rfilepath/rlog_Sprocessid.txt";
tem("R ~--vanilla <S$rfiles$rlog");

=k
T
r

1~

sys

<b>To save the following results, please use COPY and PASTE.</bs<brs>

|

##output the result (model type,seasonal indices...)
Sdatafile="$riilepath/myresulc_$processid.txt";
if (-e sdatafile)({
open (DAT,S$datafile);
@data=<DAT>;
close (DAT) ;
print "<pres@datac<\/pre>\n";
unlink (Sdatafile);
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##output fits
if (defined $fitdata)
$datafile="$riilepath/fitdata_Sprocessid.txt";
if (-e S$datafile)!
open (DAT,Sdatafile);
@data=<DAT>;
close (DAT) ;
#print "<textarea rows=10 cols=50>@datac<\/textareas<br>\n";
print "<pres@datac<\/pre>\n";
unlink($datafile);

}

#output forecasts
£ (defined $foredata){
$datafile="$rfilepath/Zoredata_Sprocessid.txt";
if (-e S$datafile){
open (DAT, S$datafile);
@data=<DAT>;
close (DAT) ;
#print "<textarea rows=3 cols=50>@data<\/textareas<br>\n";
print "<pres@data<\/pres>\n";
unlink ($dacafile);

#Foutput residuals
if (defined S$residaza){
S$datafile="$rfilepath/residata_$processid.xt";
if (-e $datafile)
open (DAT,S$datafile);
@data=<DAT>;
close (DAT) ;
#print "<textarea rows=5 cols=30>®datac<\/textareas<br>\n";
print "<pres@datac<\/pres>\n";
unlink($datafile);
}
}
#foutput R 1
if (gefined sl
if (-e $rlog){
open (DAT,S$rlog):
@data=<DAT>;
close (DAT) ;
print "R log file:<br>\n";
¥print "<textarea rows=5 cols=30>@datac<\/textarea»<brs>\n";
print "<pres>@data<\/pres>\n";
unlink ($datafile);

##L0 generate the identifier for ppm file
$ppmid=join('', Sprocessid, '001');

Splotname="$rfilepath/realfit_Sprocessic.ps";
if (-e $plotname) {
##convert the time series plot from ps format to gif format
system("$netpbmpath\/pstopnm -nocrop -vborder 0 -xborder 0 -portrait
Srfilepath\/realfi:t_Sprocessic.ps");
system("$netpbmpath\/pnmcrop $rfilepath\/realfit_Sppmid.ppm | $netpbmpath\ /pomslip -
rotate270 |Snetpbmpath\/ppmtogif -t rgbi:1/1/1 >$rfilepath\/realfit_S$processid.gif");

##print the real-£fit graph
print qgj
<br><img src="$imagepath/realfit_Sprocessic.gif"><br>

}:

#delete temp graphics

unlink($Splotname) ;
unlink ("$rfilepath/realfit_$ppmid.ppm");
#unlink ("$rfilepath/realfit_Sprocessid.gif");

Splotname="$rfilepath/resigraph_S$processid.ps";
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if (-e $plotname} {

##convert the residual plot from ps format to gif format

system("$netpbmpath\/pstopnm -nocrop -yborder 0 -xborder 0 -portrait
$rfilepath\/resigraph_Sprocessid.ps");

system("$netpbmpath\/pnmcrop Srfilepath\/resigraph_Sppmid.ppm |$netpbmpath\/pnmflip
-rotate270 |$netpbmpath\/ppmrogif -t rgbi:1/1/1
>$rfilepath\/resigraph_S$processid.gif");

##print the residuals graph
print qgi
<br»<img srec="S$imagepath/resigraph_S$processid.gif"><br>
|
#delete temp graphics
unlink($plotname) ;
unlink ("$rfilepath/resigraph_ $ppmid.ppm");
#unlink("$rfilepath/resigraph_S$processid.gisf");
}
$plotname="S$riilepath/seagraph_Sprocessid.ps";
if (-e Splotname){
#wconvert the seasonal index plot from ps format to gif forma:
system("Snetpbmpath\/pstopnm -nocrop -yborder 0 -xborder 0 -portrait
$rfilepath\/seagraph_S$processid.ps");
system("$netpbmpath\/pnmcrop $rfilepath\/seagraph_$ppmic.ppm |$netpbmpath\/pnmslip -
otate270 |S$netpbmpath\/ppmtogif -t rgbi:1/1/1 >$rfilepath\/seagraph_Sprocessid.gif");
#print the seasonals graph
rint qq|
br>cimg src="S$imagepath/seagraph_$processid.gif"><brs>

)
<
Is
#delete temp graphics
unlink ($plotname) ;
unlink ("$rfilepath/seagraph_S$ppmid.ppm") ;
#unlink("Srfilepath/seagraph_S$processid.gif");
}
$plotname="$rfilepath/realfore_Sprocessié.ps";
if (-e $plotname) {
#rconvert the real-fore plot from ps format to gif format
system("$netpbmpath\/pstopam -nocrop -yborder 0 -xborder 0 -portrait
Srfilepath\/realfiore_Sprocessid.ps");
system("S$netpbmpath\/pnmerop $rfilepath\/realfore_Sppmid.ppm |$netpbmpath\/pnmflip -
rotate270 |$netpbmpath\/ppmtogif -t rgbi:1/1/1 >$rfilepath\/realfore_Sprocessid.gif");
##print the real-fore graph
print ggl
<br><img src="$imagepath/realfore_Sprocessid.gif"s><brs>
|
#delete temp graphics
unlink ($plotname) ;
unlink ("S$rfilepath/realfore_$ppmid.ppm") ;
#unlink("Sriilepath/realfore_Sprocessid.gif");

}

unlink{$rlog) ;
unlink($rfile);

if (-e S$severfile)
{unlink ($severfile);}

print qgg
</FORM>
</B0DY>
</HTML>
|:

#cthe end
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Listing B.6. The arima.cgi program

#!/usr/bin/perl

##arima.cgi

#¥#get varables about paths predefined in another file

reguire './varabs.cgi';

##get the process id of the Perl program in order to identify temporary files
$processid=$$;

##read in all the variables set by the input form

main: {
0 use CGI;
1 Sguery=new CGI;
2
3 if ($query->param('tf') ne "")
4 {&processform;}
5 else
6 {&printform;}
’

}

8
9 #1if no parameters sent by the form, then show the form
0

el A e G I R I 3K R B, NV, N N

2 sub printform

21 {

22 print ("Content-type:text/himl\n\n");
23 print qg

-4 <HTML>

25 <HEAD >

26 <TITLE>ARIMA</TITLE>

27 <stvles>

28 TABLE {width:80%;)

28 span {color:black;}

30 </style>

32 <script language="Javascript's

32 <!t--

33

34 function DetectIE()

33 {

36 //Detect IE version

37 IEversion=0

38 if (navigator.appVersion.indexOf ("MSIE") !=-1)
39 {

40 verTemp=navigator.appVersion.split ("MSIE")
41 IEversions=parseFloat (verTemp([1])
42 }

4 }

44 function sureSeason(}

45 {

4 //Dezect 1E version

4 DetectIE()

4

49 //if IE's version is 5.0+, then using special dynamic features
50 if (IEversion»>=5)

51 {

52 if (arimaForm.IsSeason.checked)
53 {

54 arimaForm.ARP.disabled=false

55 arimaForm.DiffD.disabled=false

56 arimaForm.MAQ.disabled=false

arimaForm.all.s4.style.color="black"
arimaForm.all.s6.style.color="black"

arimaForm.ARP.value="0"
arimaform.ARP.disabled=true
arimaForm.DiffD.value="0"
arimaForm.DiffD.disabled=true
arimaForm.MAQ.value="0"
arimaForm.MAQ.disabled=true

A OG U U W
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arimaForm.all.s4.style.color="gray"
arimaForm.all.sé.style.coloxr="grayv"

}

—

function SureForecast()
r
t

//Detect IE version
DetectIE()

//if IE's version is 5.0+, then using special dynamic features

if (IEversions»=3)
if (document.arimaForm.checkForecast.checked)
document.arimaform. foreNo.disabled=false
document.arimaForm.oredata.disabled=£alse
document.arimaForm.realfore.disabled=false
document.arimaform.all.sl.style.color="black"
document.arimaForm.all.s2.style.color="black"
document.arimaForm.all.s3.style.color="black"

document.arimaForm.foreNo.disabled=true
document.arimaForm.foredata.disabled=true
cdocument.arimaForm.realfore.disabled=true
document.arimaForm.all.sl.styvle.color="gray"
cdocument.arimaForm.all.s2.style.color="gray"
cdocument.arimaForm.all.s3.style.color="gray"

}

unction checkform()

~—

var ARp=document.arimaForm.ARp.value
var ARP=document.arimaForm.ARP.value

var Diffcd=document.arimaForm.Diffd.value
var DiffD=document.arimaForm.DiffD.value
var MAg=document.arimaForm.MAg.value

var MAQ=document.arimaForm.MAQ.value

var p=1

It

=""){p=0}else{if (ARp<0){p=0}else{ if (ARp>5){p=0}else{p=1}}}

<
13
"

R

Il?l]"?U

P
1
if P==""){P=0}else{if (ARP<O){P=0}else{ if (aRP>5){P=0}else{P=1}}}
var 1
if (Diffds=""){c=0}else{if (Diffd<0){d=0}else{ if (Diffd»5){d=0}else{d=1}})
var D=1
if (DiffD==v"){D=0}else{if (DiffD<0){D=0}else{ if (DiffD>35){D=0}else{D=1}}}
var g=1
if (MAg==""){g=0}else{if (MAg<0){g=0}else{ if (MAg>5){g=0}elise{g=1}}}
var Q=1
if (MAQ==""){Q=0}else{if (MAQ<O){Q=0}else{ if (MAQ>5){Q=0}else{Q=1}}}

if (p==0){alert("Invalid parameters! AR, Difference and MA should be larger than 0 and
less than 5.")}
else
{

if (P==0){alert("Invalicd parameters! AR, Difference and MA should be larger than 0O
and less than 5.")}

else

{
if (d==0){alert("Invalid parameters! AR, Difference and MA should be larger than 0
ané less than 5."))

else
{
if (D==0){alert("Invalié parameters! AR, Difference and MA should be larger than 0
ané less than 5.")}
else
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if (g==0){alert("Invalid parameters! AR, Difference and MA should be larger than
0 and less than 5."))
else

if (Q==0){alert("Invalid parameters! AR, Difference and MA should be
larger than 0 and less than 5.")}

else

{deccument . arimaform.tf.value="ok"}

}

function theHelp()

{

window.open ("$imagepath/help.htm", "helpWindow", "HEIGHT=300,WIDTH=300, menubar, resizable,
scrollbars, status" )

function cursor{tex:t)
//Detect IE version
DetectIE()

//if IE's version is 5.0+, then using special dynamic features
if (IEversion»>=5)

{

sprompt . innerHTML=text
sprompt.style.color="red"
sprompt.stvle.visibility="visible"
sprompt .styvle.position="absolute"
sprompt .style.left=event.clientX-50
sprompt.style.top=event.client¥+5

function hidecursor()

//Detect IE version
DetectIE()

//1if IE's version is 5.0+, then using special dynamic features
if (IEversion»>=3)

{sprompt.style.visibility="hidden"}

}

//==->

</scripts>

</HEAD>

<BODY>
<form name="arimaForm" action="arima.cgi" enctype="multipart/Zorm-data" method=post>

<center><h3>ARIMA modeling</h3></centers>
<centers
<TABLE>
<TR>
<td></é>
<td align=center>c<input type="button" value="Help" onclick="theHelp() "></té>
<td align=right><A href="./RForecast.cgi">Home </A></td>
</TR>
<TR>
<td colspan=3s>chr></té>
</TR>
<TR>
<TD colspan=3><b>Load cdata: </b>(if you don't choose a local file, the sample data
will be used.)</TD>
</TR>
<TR>
<TD>Choose a local file: </TD>
<TD colspan=2><INPUT type="£file" name="filename"></TD>
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</TR>
<TR>

<TD colspan=3><b><BR>Transfer the data to a time series:</b></TD>
</TR>

<TR><span id="sprompt" style="visibility:hidden">WELCOME</span></TR>

<TR>
<TD>Length of season: </TD>
<TD>Start time: </TD>
<TD>Start period: </TD>

</TR>
<TR>
<TD><INPUT type="texti" name="sealength" value="12" onBlur="if
(idocument.arimaForm.sealength.value) {alert ('A season length is
required!') ;document.arimaForm.sealength.Zocus()}" onMousemove="cursor('Length of
season can be 12 months per year, 4 guarters per year, etc.')"
onMouseout="hidecursor () "></TD>
<TD><INPUT type="text" name="starttime" value="1956" onBlur="if
(!document.arimaForm.starttime.value) {alert ('A start time is
required!') ;document.arimaForm.starttime.focus() }" onMousemove="cursor('Start time can
be year 1956, etc.')" onMouseout="hidecursor()"></TD>
<TD><INPUT type="text" name="startperiod" value="1" onBlur="if
({document.arimaForm.startperiod.value) {alert ('A start period is
required!') ;document.arimaForm.startperiod.focus()}" onMousemove="cursor ('Start period
can be first month, third guarter, etc¢.')" onMouseout="hidecursor()"></TD»>
</TR>
<TR>
<td colspan=3><hr></td>
</TR>
<TIr>
<tds</td>
<t@></zé>
<td><input type="checkbox" name="IsSeason" checked onClick="sureSeason() "><span
id="s4" >Fit seasonal modelc</span></td>
</Tr>
<tIr>
<td>c/té>
<té>Nonseasonal</zd>
<td><span id="s6" >Seasonalc/span></té>
</Tr>
<TR>
<TO>Autoregessive (AR) </TD>
<TD><input type="text" name="ARp" onMousemove="cursor('AR shoulé be larger than 0 and
less than 5.')" onMouseout="hidecursor()"></TD>
<TD><input type="text" name="ARP" onMousemove="cursor{'AR should be larger than 0 and
less than 5.')" onMouseout="hidecursor()"></TD>
</TR>
<TR>
<TD>Difference</TD>
<TD><input type="text" name="Diffd" onMousemove="cursor('Differenc should be larger
than 0 and less than 5.')" onMouseout="hidecursor()"></TD>
<TD><input type="tex:ti" name="DifID" onMousemove="cursor('Differenc should be larger
than 0 and less than 5.')" onMouseout=“hidecursor()"></TD>
</TR>
<TR>
<TD>Moving average(MA)</TD>
<TD><input type="text" name="MAQ" onMousemove="cursor('MA should be larger than 0 and
less than 5.')" onMouseout="hidecursor()"></TD>
<TD><input type="text" name="MAQ" onMousemove="cursor('MA should be larger than 0 and
less than 5.')" onMouseout="hidecursor()"></TD>
</TR>
<TI>
<td colspan=3><input type="checkbox" name="Isconstant" checked>Include constant
term in mocdel</td>
</tr>
<tr>
<td colspan=3><hr></td>
</tr>
<TR>
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<TD colspan=3><input type="checkbox" name="checkForecast" checked
onClick="SureForecast () "><b>Generate forecasts</b></TD>
</TR>
<TR>

<TD colspan=2><span id="sl" >Periods ahead of Zforecasting:</span>

</TD>

<TD><input type="text" name="foreNo" ID="foreNol" value="12" ></TD>
</TR>

<tr>

<td colspan=3><hr></tds>

</tr>
<TR>

<TD><b>0utput:</b></TD>

<TD><input type="button" value="Select all"
onClick="document.arimaForm.residata.checked="'true';document.arimaForm.foredata.checked
='true’';document.arimaForm.logdata.checked="'true’';document.arimaForm.éiaggraph.checkeds=
true';document.arimaForm.realfore.checked="'true';"></TD>

<TD><input type="button" value="Unselect all"
onClick="document.arimaForm.residata.checked=false;document.arimaForm. foredata.checked
false;document.arimaForm.logdata.checked=£false;document.arimaForm.diaggraph.checked==%a
se;document.arimaform.realfore.checked=£alse; "></TD>
</TR>
<TR>

<TDs>Datac</TD>

<TD><input type="checkbox" name="residata">Residuals</TD>

<TD><input type="checkbox" name="foredata" ><span id="s2">Forecast values</span></TD>
</TR>
<TR>

1

<TD></TD>

<TD><input type="checkbox" name="logdata" >R log file</TD>

<TD></TD>
</TR>
<TR>

<TD>Graphics</TD>

<TD><input type="checkbox" name="diaggraph" checked>Plot diag graph</TD>

<TD><input type="checkbox" name="realfore" ><span id="s3">Plot real data &

forecasts</span></TD>
</TR>

<TY>

<zd colspan=3>chr></td>

</tr>

<tr>
<td>cinput type="hidden" name="tf" value=""></td>

<td>cinput type="button" name="runButton" value=" Go "

onClick="checkform() ;submit (}">&nbsp;&nbspc/té>
<td><input type="button" name="clearButton" value=" Clear "

onClick="reset () ;document.arimaForm.foreNo.value="'"';document.arimaForm.sealength.value=
'';document.arimaForm.starttime.value="'"';document.arimaForm.startperiod.value="'"';"></cd
>

</tr>
</TABLE>

</centers>
</form>
</BODY>
</HTML>
|7

if got parameters sent from the form, then process the parameters
ub processform

#read variables set by the input form
$filename=Sguery->param('filename’) ;

Ssealength=$query-sparam('sealength'};
Sstarttime=$guery->param('starctime’};

$startperiod=$guery->param('startperiod');
ry->p

Sisseason=S$query->param{'IsSeason') ;
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S$ARp=Squery->param('ARp') ;
SARP=Squery-s>param('ARP') ;
$Diffd=Sguery->param('Diffg");
$DiffD=gquery->param('DiffD";;
SMAg=$query->param{'MAg');
SMAQ=Squery->param('MAQ"');
$isconstant=Squery->param('Isconstant');

Sisfore=Sqguery->param('checkForecast');
S$foreno=Squery->param('foreNo');

Sresidata=$guery-s>param{'residacza’)
$foredata=$query->param{‘'foredaza’)
$logdatas=Squery->param('logdaza');

;
;

Sdiaggraph=Squery-s>param('diaggraph') ;
Srealfore=$query->param{‘'realfore’);
##print the outputs of the processing
print ("Content-type:text/html\n\n");
print ggj

<HTML>

<HEAD><title>ARIMAc/titles

</HEAD>

<BODY>

<FORM>

<center>c<h3>Output for ARIMA modeling</h3></centers

<p align="right"><A href="./RForecast.cgi" onMouseOut="window.status='RForecst-ARIMA

modeling'" onMouseCver="window.status='Click here to choose other forecasting methods';

return true"s>Home </A></p>

Your outputs are processing now. It may take several minutes...<BR>

##read data from the client file ($filename) and write the data o a server file

severfile="$rfilepath/newdata_Sprodessid.dat";
if (-e $filename){
if ((-T $Zilename)&&(-s $filename))
open (DAT, "»>$severfile");
while (read($filename,S$buffer,16384))
print DAT S$huffer;
}

close (DAT);

print the error message

t
«Q
WQ

prin

There are some errors when processing your data file $filename.

be the following: <br>
The data file is not a text file. <br>
he data file has a size of zero ¢r unknown characters.<brs>

##write R command file
Srfile="S$rfilepath/riile_Sprocessid.R";
open (DAT, ">S$rfile");

print DAT "##rfile.R\n";

print DAT "#ARIMA\n";

print DAT "library(ts)\n";
Ssample="Srfilepath/beer.dat";

The reasons may

#if the user doesn't choose any local file, then by defaul: use the sample data

(beer.dat)
if ($filename=="")
{print DAT "mydata<-read.table(\"S$rfilepath\/beer.daz\")\n";}



378 else

379  {print DAT "mycatac<-read.table(\"Sseverfile\")\n";)

380

3812 print DAT "n<-nrow(mydéata)\n";

382 print DAT "c<-ncol (mydacta)\n";

383 print DAT "newc<-c+2\n";

384 print DAT "cyclec<-floor(n/S$sealength)\n";

385 print DAT "rest<-n-cycle*$sealength\n”;

386 print DAT "seasonc<-$sealength\a";

387 print DAT "#convert the data to time series object\n";

388 print DAT "ts.mydatac-
ts(mydatal,l],start=c($starctime, $startperiod), frequency=$sealengzh)\n";

389 print DAT "startTimec-$startiime\n';

380 print DAT "startPeriod<-$startperiod\n®;

391 print DAT "s#fit the data to ARIMA model\n";

392 if (cdefined $isconstant)

393 {$mymean="TRUE"; }

384 else

395  {Smymean="FALSE";)}

396

397 if (defined $isseason)

398 {print DAT "arima.mydata<-
arima(ts.mydata,order=c(SARp, $Di£Id, SMAQ) , seasonal=1ist (order=c($ARP, $Dif£D, SMAQ)), incl
ude.mean=$mymean) \n";}

399 else

400 {print DAT "arima.mydata<-
arima(ts.mydata, order=c($ARp, $Difid, $MAg), include.mean=Smymean)\n";}

402

402

403 print DAT "coefc-length(arima.mvdata\$coef)\n";

304 print DAT "thel<-7\n";

405  print DAT "if (coef»8){thelc-(coef-1)}\n";

306 print DAT "myresutltc<-matrix(c(arima.mydata\$aic,rep(\"\", (thel-

1)) ,arima.mydata\$arma(1:7],rep(\"\", (thel-7)),names (arima.mydata\$coes) [1: (coes-
1)1, rep(\"\", (8-coef)) ,arima.mycata\$coef [1: (coef-1)]},rep(\"\", (8-
coel))) ,nrow=4,ncol=thel,byrow=TRUE) \n";

407 print DAT
"write.table(myresult,file=\"S$xrfilepath\/myresult_Sprocessicd.txt\",quote=FALSE, row.name
s=c(\"AIC:\",\"arima[p,c,?,Q,1.¢,D):\",\"names of coefficients:\",\"values of
coefficients:\"),col.names=c(\"The final results:\",rep(\"\",6)))\n";

'

#if need to make forecast
if (cdefined Sisfore)

PN

o

print DAT "#make forecast\n*;
print DAT "predict.mydatac-predict (arima.mydata, n.ahead=$foreno)\n";
print DAT "Iore.mydata<-predict.mydata\$pred\n";
#output forecast values
if (defined $foredata)
print DAT "#output forecast values\n";
print DAT "ma.fore<-cata.matrix(fore.mydata)\n";
print DAT "ve.forec-as.vec:tor(ma.fore)\n";
print DAT
"write.table(ve.fore,file=\"SrZilepath\/foredata_Sprocessid.txz\", quote=FALSE, row.names
=FALSE, col.names=c(\"The forecast values:\"})\n";
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421 }

422 #plot real data and forecasts

423 if (éefined S$Srealfore){

424 print DAT "#plotting the real data and forecasting values\n";

423 print DAT
"postscript (file=\"Srfilepath\/realfore_S$processid.ps\",width=30,height=30)\n";

428 print DAT "ts.plot(ts.mydata, fore.mydata,col=c(\"blue\",\"red\"))\n";

427 print DAT "title(main=\"The plot of real data and forecasts (real data: biue,
forecasts: red)\")\n";

528 print DAT "dev.off()\n";

429

430 }

432

$32 print DAT "resi.mydata<-arima.myéata\$residuals\n";

£33

434 #output residuals
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if (defined Sresidata){

print DAT "soutput residuals\n®;

print DAT "ma.resic-data.matrix(resi.mydata)\n";

print DAT "ve.resic-as.vector(ma.resi)\n";

print DAT
"write.table(ve.resi,file=\"Srfilepath\/residata_Sprocessid.txt\",guote=FALSE, row.names
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=FALSE,col.names=c(\"The residuals:\"))\n";

}

#plot tsdiag
if (defined Sdiaggraph){

print DAT "#iplotting tsdiag\n";
print DAT

"postscript (file=\"$rfilepath\/diaggraph_Sprocessid.ps\",width=30,height=30) \n"

print DAT "tsdiag(arima.mydata)\n";
# print DAT "title(main=\"The diagnostic plot\")\n";
print DAT “dev.off()\n";

plot residuals

i (Gefined Sresigraph) {
print DAT "#plotting t
print DA

he resicduals\n";

"nos.scrloh(‘z e= \"Sr‘l*epa."\/'e51g*aph Sprocessid.ps\",width=30,height=30)\n";

print DAT "plot(resi.mycdata,col=c(\"blue\"))\n";
print DAT "title(main=\"The plot of residuals\")\n";
print DAT "dev.off()\n";

print DAT "\n";
close (DAT) ;

#3run rfile.txt in batch mode
$rlog="$riilepath/rlog_S$processid.txc";
system("R --vanilla <$rfile>Srlog");

<b>To save the following results, please use COPY ané PASTE.</b><br>

#3output the resul:t (model type,seasonal indices...)
$catafile="$riilepath/myresulc_Sprocessic.txt";
if (-e $cdatafile)

open (DAT,Scatafile);

@data=<DAT>;

close (DAT) ;

print "<pres@data<\/pres\n";
unlink(Sdatafile);

z2output forecasts
if (definec S$foredata)(
$datafile="S$rfilepath/foredata_S$processid.txt";
if (-e $catafile)

open (DAT,Sdatafile);

@data=<DAT>;

close (DAT) ;
print "<pres>@data<\/pres>\n";
unlink ($catafile);

#Foutput residuals
£ (cefined Sresidata)({
$datafile="S$rfilepath/residata_Sprocessid.txt";
11 {-e Sdatafile){
open (DAT,S$catafile);
@data=<DAT>;
close (DAT) ;
sprint "<textarea rows=5 cols=50>@datac<\/textareas<br>\n";
print "<pres@data<\/pres\n";
unlink(Sdataiile);
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}
s#output R log file
if (defined $logcéata)
if (-e $rlog){
open (DAT,S$rlog);
&data=<DAT>;
close (DAT) ;
print "R log file:<br>\n";
#print "c<textarea rows=35 cols=350>@datac\/textarea><br>\n";
print "<pres@datac<\/pre>\n";
unlink($datafile);

}

##to generate the identifier for ppm file
S$ppmid=join('',$processid, '001');

Splotname="$rfilepath/diaggraph_Sprocessid.ps";
if (-e $plotname) {
#zconvert the time series plot Irom ps format to gif format
system("$netpbmpath\/pstopnm -nocrop -yborder 0 -xborder 0 -portrait
$rfilepath\/diaggraph_S$processid.ps");
system("$netpompath\/pnmcrop $rfilepath\/diaggraph_$ppmic.ppm |$netpbmpath\/pnmflip
-rotate270 |[$netpbmpath\/ppmtogif -t rghi:l1/1/1
>$rfilepath\/diaggraph_$processid.gif");

##print the tsdiag graph

print gg

<br><img src="$imagepath/diaggraph_$processid.gif"»>
|

#delete temp graphics

unlink ($plotname);
unlink("$rfilepath/diaggraph_$ppmid.ppm");
#unlink("$riilepath/diaggraph_Sprocessid.gif");

}

Splotname="$rfilepath/realfore_$processid.ps";
if (-e Splotname) {
##convert the real-Ifore plot from ps format to gif format
system("$netpbmpath\/pstopnm -nocrop -yborder 0 -xborder 0 -portraic
S$rfilepath\/realfore_S$processid.ps");
system("$netpbmpath\/pnmcrop $rfilepath\/realfore_Sppmid.ppm |$netpbmpath\/pnmflip -
rotate270 |[$netpbmpath\/ppmtogif -t rgbi:1/1/1 >$rfilepath\/realfore_$processid.gif");

##print the real-fore graph
print ggl
<br><img src="Simagepath/realfore_Sprocessid.gif"s>
|
#cdelete temp graphics
unlink {$plotname) ;
unlink ("Srfilepath/realfore_S$ppmid.ppm") ;
sfunlink("Srfilepath/realfore_S$processid.gif");

}

unlink(Srlog);
unlink($rfile);

if (-e S$severfile)
{unlink ($severfile);}

print gq
</FORM>
</BODY>
</HTML>
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C. The Configuration and Installation of SciForecast
(Windows)

The following list shows the detail of the configuration when we developed SciForecast.
e Operating system: Windows 98

e Web Server: Abyss Web Sever X1

e Perl interpreter: Perl 5.8.0

e Staristical software: Scilab 2.6

To install RForecast locally, please follow the steps as follows:

p—t

. Copy all CGI programs into your CGI path;

o

. Copy the example data file (beer.dar) and the Help file (help.html) into your HTML path;
3. Install Scilab with the ARMA add-in package;

4. Change the location path of the Perl interpreter (when necessary);

(9]

. Change path variables in the varabs.cgi program.
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D. The CGI Programs of SciForecast (Windows)

Listing D.1. The SciForecast.cgi program

<

tc:\perl\bin\perl .exe

#SciForecast.cgi

#get varables about paths predefined in another file
equire './scivarabs.cgi';

1 At

LEEL

1

2

3

<

s

S use CGI;

-

8 print ("Content-type:text/html\n\n");

9 print qgf

10 <HTML>

11 <HEAD>

12 <TITLE>SciForecast</TITLE>

13 «</HEAD>

14  <BODY>

15 <FORM>»

18

17

18 <CENTER>

19 «<tadble>

20 <>

21 <td width=20%><img src="$imagepath/scilabForecast.JPG"></td>

22 <td valign=bottom width=80%><H2 align=center> SciForecast: a web-based forecasting
tool</H2></td>

23 </tr>

24 <tr>

25 <td colspan=2><hr></té>

28 </tr>

27 <tr>

28 <té align=center wicdth=20%><A href="./sciarma.cgi"

onMouseQut="window.status="'SciForecast'" onMouseOver="window.status='Click here to
conduct ARMA modeling analysis'; return true">ARMA modelinge</A></tds>
29 <td width=80%>

30 <p>This tool is used to conduct forecasting analysis with time series models.

31 It is based on the free statistical software <a href="hoip://www-
rocq.inria.fr/scilab/">Scilab</a> and provides the ARMA modeling tool<br><brs

32

33 <br>Uers can upload time series from their local computers or use the sample data,
which is the monthly

3% production (megalitres) of beer in Australia from January 1956 to August 1995.
data can be dowload from

35 <a href="http://www-personal.buseco.monash.edu.au/~hyndman/TSTL">Time Series Data
Libraryve</as,

3€ provided by Rob Hyndman.

37 </p>

38 </cd>

28 </tr>

40

41 </tables

42 <br><brs<brs>

43 </center>

248 <p>

45 Want to delete temporary files? Click <A href="./sciclear.cgi">here</A> then.

46 </p>

37 |;

£8

29

50 Scopyright="Copyright\&nbsp;\&copy;\&nbsp;2002 Sudan Wang";

51 Smymail="wsudan\@yahoo.com";

52

53 print ggj

554 «<p>

55 Interested in forecasting tools? Click <A href="$Sindexpage”s>here</A>
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56 to see other implementations for R and <a href="http://www-
rocg.inria.fr/scilab/">Scilabec/a>.
37 </p>

59 <brs>chrs

60 <centers>

61 <ZIont size=-2>$copyright</font><br>

62 <font size=-2>Any guestions or comments please send to <a
href="mailto:Smymail"s>Smymailc/a></fonc>

w

</CENTER>
</FORM>
</B0ODY>
</HTML>
| »

#the end

Oy Oy Oh Oy OV Oh Oy
W W ) N Ul

Listing D.2. The varabs.cgi program

#!/usr/bin/perl

L7V S B )

# This file contains all the variables for SciForecast to run properly.

#the folder to save Scilab command files
$sfilepath="c¢c:/progra-~l/abyssw~1/htdocs/sudan";
$siilepathl="c:\\progra~i\\abyssw~1\\hzdocs\\sudan";

#the path to link GIF files
$imagepath="http://localhost/sudan";
#the path of Scilab
$spath="C:/Progra-1/scilab-2.6/bin";
$spathl="C:\\Progra~1\\scilab-2.6\\bin";

w0

the page which links
5

n T0 RForecast anc ScifForecast
ndexpage="http://local

host/suéan/index.html";

[ S R T TR S I SO I S N Vo I/ N G (N V1 I 1N

W W <) Gy U
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Listing D.3. The sciclear.cgi program

‘c:\perl\bin\perl.exe

#sciclear.cgi

#get varables about paths predefined in another file
reguire './scivarabs.cgi';

ki

W

4 3

use CGI;

#delete all temporary files
my @systemcode= ("del","$sfilepathl\\*_*.gif");
my S$runcode=system("@systemcode");

my @systemcode=("del","$spathi\\.scilab");
my S$runcode=system("@systemcode");

w O

my @systemcode=("del","$sfilepathil\\newdata_~.dat"};
my Sruncode=system("@systemcode”) ;

#show the page

print ("Content-type:text/html\n\n");
20 print gg

21  <HTML>

22 <HEAD>

23 <TITLE>SciForecast</TITLE>

24 </HEAD>

LA S S T S S SIS Ve I RN e (N V) 3N

W W 3 U b

25 <BODY>
26 <FORM>
27 <br>

28 <p>All the temporary files saved in the $sfilepath directory have been deleted!</p>
2% <hr>

30 Click <A href="./SciForecast.cgi">Here</A> to return the home page.

31 </FORM>

32 </30DY>

33  </HTML>

4 ;

36 #the end
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Listing D.4. The sciarma.cgi program

LZERN N I

W N o

L R T T T T T I TR T Vo T« IS s SO VA I £
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o
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W
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w ©

~)

W oW LW
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L8]

w

c:\perl\bin\perl.exe
sciarma.cgi

get varables about paths predefined in another file
quire './scivarabs.cgi';

Ur 3 I A
(1

'y

rocessid=§$;

#sread in all the variables set by the input form
main: {

use CGI;

Sguery=new CGI;

if ($Sguery-sparami{‘'tf'} ne "")
{&processiorm;}

else

{&printform;}

#if no parameters sent by the form, then show the form
sub printform
{

print ("Content-type:text/html\n\n");
print qg

<HTML>

<HEAD>

<TITLE>ARMA</TITLE>

<styles

TABLE {width:80%;)

span {color:black;)

</style>

<script language="Javascript"s>
<l--

function DetectIE()
{

//Decect IE version

IEversion=0
if (navigator.appVersion.index0Of ("MSIE") !=-1)
{

verTemp=navigator.appvVersion.split ("MSIE")
IEversion=parseFloat (verTemp(1])

//if IE's version is 5.0+, then using special dynamic features
if (IEversion»>=3)

if (arimaForm.IsSeason.checked)

arimaForm.ARP.disabled=false
arimaForm.MAQ.disabled=false
arimaForm.all.s4&.styvle.color="black"
arimaForm.all.sé.style.color="black"

lse

Py

arimaForm.ARP.value="0"
arimaForm.ARP.disabled=true
arimaForm.MAQ.value="0"
rimaForm.MAQ.disabled=true
arimaForm.all.s4¢.style.color="gray"
arimaForm.all.sé.style.color="gray"

B
get the process i¢ of the Perl program in order to identify temporary £i

q

es
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)

function SureForecast ()

//Detect IE version
DetectIE()

//if IE's version is 5.0+, then using special dynamic features
if (IEversions>=35)
{

if (document.arimaForm.checkForecast.checked)

{

document .arimaForm.foreNo.disabled=£alse
document.arimaForm.foredata.disabled=Zalse
document.arimaForm.realfore.disabled=false
document.arimaForm.all.sl.style.color="black"
document.arimaForm.all.s2.style.color="black"
document .arimaForm.all.s3.style.color="black"

else
document.arimaForm. foreNo.disabled=true
document.arimaForm. forecata.disabled=tru
document.arimaForm.realfore.disabled=true
document.arimaForm.all.sl.stvle.color="gray"
document.arimaForm.all.s2.style.color="gray"
document.arimaForm.all.s3.style.color="gray"

function checkform{)
var ARp=document.arimaForm.ARp.value

var ARP=document.arimaForm.ARP.value

var MAg=document.arimaForm.MAg.value

var MAQ=document.arimaForm.MAQ.value

var p=1
if (ARp==""){p=0}else{if (ARp<0){p=0}else{ if (ARp>3){p=0}else{p=1}}}
var P=1
if (ARP==""){P=0}else{if (ARP<0){P=0}else{ if (ARP>5){P=0}else{pP=1}}}
var g=1
if {MAg==""){qg=0}else{if (MAg<0){g=0}else{ if (MAg>S5){g=0}else{g=1)})}
var Q=1
if (MAQ==""){Q=0}else{if (MAQ<0){Q=0}else{ if (MAQ>S5){Q=0}else{Q=1}})
if (p==0){alert("Invalid parameters! AR ané MA should be larger than 0 and less than
5.}
else
{

if (p==0){alert("Invalié parameters! AR and MA should be larger than 0 and less than
5.")}

else

{ ,

if (g==0){alert("Invalid parameters! AR and MA should be larger than 0 and less

than 5."}}

else

{

if (Q==0){alert("Invalid parameters! AR and MA should be larger than 0 and less
than 5.")}
else
{document .arimaForm.tf.value="ok"}
}
}
}
}

function theHelp()
{

1S

window.open ("$imagepath/help.htm", "helpWindow", "HEIGHT=3u0,WIDTE=300, menubar, resizable,
scrollbars,status” )

}

function cursor(text)



1358 //Detect IE version
136 DetectIE()
137

138 //if IE's version is 5.0+, then using special dynamic features
139  if (IEversion»=5)

240 |

141 sprompt.innerHTML=text

142 sprompt.style.color="red"

143 sprompt.style.visibility="visible"

144 sprompt.stvle.position="absolute"

145 sprompt.style.left=event.clientX-50

146 sprompt.style.top=event.clientY+3

127 )

148 }

149

150 function hidecursor ()

151 {

152 //Detect IE version

153 DetectIE()

154

155 //if IE's version is 5.0+, then using special dynamic features
156 if (IBversion»=35)

157 {sprompz.style.visibility="hidden"}

158 }

159 //-=->

160 </script>

igl </HEAD>

162

163 <BODY >

164 <form name="arimaForm" action="sciarma.cgi" enctype="multipart/form-data" method=posts>
155

166 <center><h3>ARMA modelingc</h3></centers>

1867 <gcenter>

168 <TABLE>

1€8 <TR>

170 <td>c/tE>

171 <td align=center><input type="bution" value="Help" onclick="theHelp()"></zd>
172 <td align=right><A href="./SciForecast.cgi">Home</A></cd>
173 </TR>

174 <TR>

175 <t¢ colspan=3s><hr></td>

176 </TR>

177 <TR>

178 <TD colspan=3><b>Load data </b>(if you don't choose a local file, the sample data

will be used.)</TD>
179 </TR>

180 <TR>

181 <TD>Choose a local file: </TD>

182 <TD colspan=2><INPUT type="£ile" name="Zilename"></TD>
183 </TR>

184 <TR><span id="sprompt” styles"visibility:hidden">WELCOME</span></TR>
185 <TR>

188 <td colspan=3s»><hr></tc>

187 </TR>

188 <TIr>

189 <td></nd>

190 <td»<c/i>

191 <td><input type="checkbox" name="IsSeason" checked onClick="sureSeason()"><span

id="s4" >Fit seasonal model</span></td>
182 </tr>

183 <TIr>

194 <td></td>

195 <td>Nonseasonal</td>

b3-13 <td>cspan id="s6" >Seasonal</spans></td>

197 </tr>

198 <TR>

198 <TD>Autoregessive (AR) </TD>

200 <TD><input type="text" name="ARp" onMousemove="cursor('AR should be larger than 0 and

less than 5.')" onMouseout="hidecursor()"></TD>



201 <TD><input type="text" name="ARP" value="0" onMousemove="cursor('AR should be larger

than 0 and less than 5.')" onMouseout="hidecursor()"></TD>

202 </TR>

203 <TR>

204 <TD>Moving average (MA)</TD>

205 <TD>cinpul type="text" name="MAg" onMousemove="cursor('MA should be larger than 0 andé
less than 5.')" onMouseout="hidecursor()"></TD>

206 <TD><input type="text" name="MAQ" value="0" onMousemove="cursor('MA should be larger
than 0 and less than 5.')" onMouseout="hidecursor()"></TD>

207 </TR>

208 <TIr>

209 <td colspan=3>chr>c<c/té>

210 </Tr>

211 <TR> )

212 <TD colspan=3><input type="checkbox" name="checkForecast" checked
onClick="SureFcrecast () "><b>Generate forecasts</b></TD>

213 </TR>

2145 <TR>

215 <TD colspan=2><span id="sl1" >Periods ahead of forecasting:</span>

216 </TD>

217 <TD><cinput type="text" name="foreNo" ID="foreNol" value="12" ></TD>

218 </TR>

219 <tr>

220 <td colspan=3s»>chrs</d>

2221 </tr>

222 <TR>

223 <TD><b>0utput:</D></TD>

224 <TD><input type="button" value="Select all"

.
onClick="document.arimaForm.fizdata.checked="'true’' ;document.arimaForm. foredata.checkeds=
[P -
d

'true';document.arimaForm.logdata.checked="'true' ;document.arimaForm.realfitc.checked="sr
ue';document.arimaForm.realfore.checked="'true';"></TD>
225 <TD><input type="button" value="Unselect all"

onClick="document.arimaForm.fitdata.checked=false;document.arimaForm. foredata.checked=<
alse;document.arimaForm.logdata.checked=£alse;document.arimaForm.realfit.checked==alse;
document.arimaForm.realfore.checked=false;"></TD>

226 </TR>
227 <TR>
<TD2>Data</TD>
229 <TD><input type="checkbox" name="fitdata">Fitted cata</TD>
230 <TD><input type="checkbox" name="foredata" ><Span id="s2">Forecast values</span></TD>

231 </TR>
232 <TR>

233 <TD></TD>

234 <TD><input type="checkbox" name="logdata" »>Sciladb command file</TD»>

235 <TD></TD>

235 </TR>

237 <TR>

238 <TD>Graphics</TD>

239 <TD>cinput type="checkbox" name="realfit" checked>Plo:t real cata & fitted cdata</TD»>
24 <TD><input types"checkbox" name="realfore" ><span id="s3">Plot real data &

forecasts</span></TD>
241 </TR>

242 <tr>

243 <td colspan=3»<hra</td>

2445 </zr>

245 <tr>

246 <td><input type="hidden" name="tf" value="">c</té>

247 <td><input type="button" name="runButton" value=" Go "
onClick="checkiorm() ;submit () ">&nbsp;&anbsp</cd>

248 <td><input type="button" name="clearButton" value=" Clear "
onClick:"rese:();documen:.a:ima?orm.foreNo.value:";documen:.arima?orm.sealeng:h.value:
'';document.arimaForm.starttime.value="'"';document.arimaForm.startperiod.value="";"></td
>

249 </Tr>

230

251 </TABLE>

252

253 </center»>
254 </form>
255 </B0ODY>
236 </HTML>
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rocessform

#read variables set by the input form
$filename=Squery->param{'Silename');

Sisseason=$query->param('IsSeason’');
SARp=Squery->param{'ARDp');
SARP=Sguery-s>param{'ARP');
SMAg=Squery->param{ 'Mag');
SMAQ=Squery->param('MAQ"') ;

Sisfore=Sguery->param('checkForecast');
$foreno=Squerv->param('ZoreNo'};

$fitdatas=S$Squery-s>param(‘fitdata‘'};
$foredata=$query->param('foredata');
$logcdata=§query->param('logdata');
Srealfit=$query->param('realfic’
S$realfore=$query->param('realfore');
##print the outputs of the processing
print ("Content-type:text/html\n\a");
print gg

<HTML>

<HEAD><title>ARMAc/title>

</HEAD>

<BODY>

<FORM>

<center>c<h3>Output for ARMA modeling</h3></centers

got parameters sent from the form, then process the parameters
P

<p align="right"><A href="./SciForecas:t.cgi" onMouseOut="window.status='SciForecsc-
ARMA modeling'" onMouseOver="window.status='Click here to choose other forecasting

methods'; return true"s>Home </A></p>

Your outputs are processing now. It may take several minutes...<BR>

|:

#f#read data Ifrom the client file (Sfilename) and write the data to a server file

(Sseverfile)
$severfile="$sZilepath/newdata_Sprodessid.dat";
if (-e $filename)
if ((-T $filename)&&(-s S$Zilename))
open (DAT, ">$severfile");
while (reac($filename,$buffer,16384))
print DAT S$buffer;
}

close (DAT) ;
else{

#%#print the error message
print qq|

There are some errors when processing vour data file $filename.

be the following: <br>
1. The data file is not a tex:

ile. <br>

€31
2. The data file has a size of zero or unknown characters.<brs

<hr>
Please click

<A href="./sciarma.cgi">here </A>to try it again.

I

exit ();

}
}
##write Scilab command file
open (DAT, ">Sspath/.scilab");

print DAT "//scifile.sce\n";
print DAT "//ARMA\n";

print DAT "CT=1;\n";
$sample="Ssfilepath/beeri2.txc";

The reasons may



324 #1f the user doesn't choose any local file, then by default use the sample data
(beer.dat)

325 if ($filename=="")

326 {print DAT "mydataO=read!(\"Ssfilepath\/beeri2.cxt\",-1,1);\n";}

327 else

328 {print DAT "mydataO=read{\"$severfile\",-1,2);\n";}

329

330 print DAT "mydata=mydatal';\n";

331 print DAT "ul=zeros(l,length (mydata));\n";

332

333 print DAT "//fit the data to ARMAX model\n";

334 if (defined Sisseason)

333 {print DAT "myarma=armaxl ($ARp, -1, $MAg,mydata,ul);\n";}

336 else

337 {print DAT "myarma=armaxl($ARp,-1,$MAag,mydaza,ul);\n";}

338

339 print DAT "//generate fits\n";

340 print DAT "mya=myarma{\'a\');\n";

341  print DAT "myd=mvarma(\'d\');\n";

print DAT "mysig=myarma(\'sic\');\n";

print DAT "thearma=armac(mya(l:length(mya)), [],myd(l:lengthimyd)),1,1,mysig);\n";

w w
o
(RN}

344 print DAT "u2=zeros(l, {length!mydata)+$forens)) ;\n";

345 print DAT "thefit=arsimul (thearma,u2);\n";

348 print DAT "thefitt=thefit';\n";

347 print DAT "myfit=thefitt(l:length(mydata),l);\n";

348 #output result information (sig,ar,ma)

349 print DAT "write(\'Ssfilepath\/sig_$processid.txz\',mysig);\n";

350 print DAT "write(\'$sfilepath\/ar_Sprocessid.ix:t\',mya);\n";

351 print DAT "write(\'$sfilepath\/ma_Sprocessid.zxt\',myé);\n";

352

353 #if need to output fits

354 if (defined $fitdata)

355 {

356 print DAT "write(\'S$sfilepath\/Zitdata_Sprocessic.txt\',myfit);\n";
357 }

358

359 #if need to make forecast

360 if (defined Sisfore)

361 |

362 print DAT "myfore=thefitt((length(mydata)+1): (length(mydata)«+Sforeno),2);\n";
363 #output forecast values

364 if (defined $foredata){

365 print DAT "//outpu:t forecast values\n";

365 print DAT “"write(\'S$sfilepath\/foredata_Sprocessicé.txt\',myfore);\n";
367

3€8 #plot real data and forecasts

369 if (defined Srealfore){

370 print DAT "//plotting the real data and forecasting values\n";
371 print DAT "driver (\'GIF\');\n";

372 print DAT "xinit(\'S$sfilepath\/realfore_Sprocessid.gif\');\n";

373 print DAT "plot2d(({l:length(mydata)],mydata0d,2);\n";

374 print DAT "plot2d({(length(mydata)+1l):(length{mydata)+$foreno)],mysore,5);\n";
375 print DAT "xend () ;\n";

376

377 }

378 #plot real data and forecasts
379  if (defined Srealfit) |

380 print DAT "//plotting the real data and fitted data\n";
381 print DAT "driver (\'GIF\');\n";

382 print DAT "xinit(\'$sfilepath\/realfic_Sprocessid.gif\');\n";
383 print DAT "plot2d(([],mydatal,2);\n";

384 print DAT "plot2d({[}.myfit,s);\n";

385 print DAT "xset (\"fon:t\",2,5);\n";

386 #print DAT "xtitle([\"The plot of the real data and fitted data\";\"Real data:
blue\";\"Fitted data: red\"],\"Time\");\n";

387 #print DAT "titlepage(\"The plot of the real data ané fitted data\");\n";
386 print DAT "xend():\n";

389

380

381  print DAT "guit();\n" ;
382  print DAT "\n";
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close (DAT) ;

:#run sfile.txt in batch mode

#change the working directory

chdir $spath;

#run Scilab

my @systemcode=("$spathl\\scilex.exe"};
my Sruncocde=system({"@systemcode") ;

print qg
<hr>

~

<b>To save the Zollowing results, please use COPY andé PASTE.</b><br>

i:

#Foutput the result (AR,MA,sig...)
$catafile="$sfilepath/ar_Sprocessid.txzt";
if (-e $datafile){
open (DAT, $datafile);
®data=<DAT>;
close (DAT) ;
print "The estimated AR:\n";
print "<pres>@datac<\/pre>\n";
unlink ($datafile);
}
$datafile="$sfilepath/ma_S$processid.cxt";
if (-e Sdatafile){
open (DAT, $catafile);
@data=<DAT>;
close (DAT) ;
print "The estimated MA:\n";
print "<pre>@datac<\/pres>\n";
unlink($datafile);
}
$catafile="$siilepath/sig_Sprocessid.tx:";
if (-e $cazafile){
open (DAT,S$cdataliile);
@data=<DAT>;
close (DAT) ;
print "The standarcd deviation is:\n";
print "<pre>@datac<\/pre>\n";
unlink ($datafile);
}
#foutput forecas:ts
if (defined Sforedata){
Sdatafile="$sfilepath/Zoredata_Sprocessid.txt";
if (-e Sdatafile){
open (DAT, $datafile);
@data=<DAT>;
close (DAT) ;
print "The Zforecast values are:\n";
print "<pres>@data<\/pre>\n";
unlink($datafile);
}
}
##output fits
if (defined $fitdata){
$catafile="$sfilepath/fitdata_Sprocessid.txt";
if (-e $catafile)
open (DAT,S$catafile);
@data=<DAT>;
close (DAT) ;
print "The fitted data is:\n";
print "<pre>@data<\/pre>\n";
unlink($dacafile);
}
}
#foutput Scilab command file
if (definecd $logdata) {
if (-e $scifile)(
open (DAT,Sscifile);
@data=<DAT>;



o

Wb b

F O O Y

o

~1 N300y h OV Oy
W2 O WD) U

b b
~
[V

oH
~3
[e2)

477
278
479
480
481
482

S
w
w

-
w
S

b b s
~ v

'y

N

o

3N T Y o
W W WWIWWLIWWW®OD L
W oAU D W H O WD

b

close (DAT) ;
print "Scilab command file:<br>\n";
print "<pre>@datac\/pre>\n";
unlink($dataZile);
)
}

Splotname="$siilepath/realfic_Sprocessid.gif";

if (-e Splotname) {

##print the realfit graph

print ggf

<br>c<b><center>The plot of the real data and fitted cata (real data:
data: red)c</centers</b>

<center><img src="Simagepath/realfit_Sprocessid.gif"s></centers>

|

}

S$plotname="$sfilepath/realfore_Sprocessid.gif";
if (-e Splotname) (
##print the real-fore graph
print qg|
<br><b><center>The plot of the real data ané forecasts (real data:
red)</centers></b>
<center><img src="$imagepath/realfore_Sprocessid.gif"s></centers

|
}

if (-e Sseverfile)
{unlink (Sseverfile);}

print ggl
</FORM>
</BODY>
</HTML>
l;

#the end

blue;
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E. The Programs of the Local Implementation for R
(Windows)

Installation:

1. Copy all HTML files to appropriate directory (not Network directories);

38,

. Copy the example data file (beer.data) to the directory you want to save temporary files:

-

3. Install R with the zs add-on package.

Note that you need Internet Explorer 5.0+.

Listing E.1. The localfore.html program

<himls
<head>

<titlesForecastinge</titles
</heads>
<bocdy>
<forms><centers
<h3>Forecasting tools</h3>
<hrs>

<a href="hw.html">Holt-Winters' Smoothing</a><brs<brs>

Ll L Sl (I - TN I R VAN S VY I N B

0 <a href=z"tsd.himl">Time Series Decomposition</as<br><brs
i <a href="arima.html">ARIMA Modeling</a><br>

2 </centers»c</form>

3 </body>

4 </himls



Listing E.2. The hw.html program

1 <HTML>
2 <HEAD>
3 <TITLE> Holt-Winters' smoothing</TITLE>
4 <style>
5 TABLE {width:80%;}
3 span {color:black;}
7 </style>
8 <script language="Javascript's>
£ <!--
10 function message()
11 {
12 alerct ("ATTENTION:\n"
13 +"The program will generate a batch file and a R command file, if you click the GO
button.\n"
14 +"Please run the batch file to invoke R and get your text or graphical outpu:z
files.\n\n"
15 +"You can use the example data file 'beer.dat', but make sure that you have stored
iz\n"
18 +"in the directory you want to specify to save temporary files.")
17 }
8 function DetectIE()
18 {
20 //Detect IE version
21 IEversion=0
2z if (navigator.appVersion.index0f ("MSIE")!=-1)
23 {
24 verTemp=navigator.appVersion.spliz ("MSIE")
25 IEversion=parserloat (verTemp[i])
26 }
27 }
28 function SureForecast ()
29
30 //Decect IE version
b DetectIE()
32 //if IE's version is 5.0+, then using special dymamic features
33 if (IEBversion»>=35)
34 {
35 if (document.hwForm.checkForecast.checked)
36 {
37 document . hwForm. ZoreNo.disabled=false
38 document.hwForm. foredata.cdisabled=£false
33 document .hwForm.realfore.disabled=false
40 document .hwForm.all.sl.stvle.color="black"
43 document .hwForm.all.s2.style.color="black"
42 document .hwForm.all.s3.style.color="black"
43 }
44 else
45 {
6 document . hwForm. foreNo.disabled=true
7 document . hwForm. foredata.disabled=true

document .hwForm.realfore.disabled=true

cocument.hwForm.all.sl.style.color="gray"
document.hwForm.all.s2.style.color="gray"
document .hwForm.all.s3.style.color="gray"

W N o WY

o+

unction checkform()
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if (document.hwForm.levelText.value) {var thehAlpha=document .hwForm.levelText.value}

58 iZ (document.hwForm.trendTex:.value){var theGamma=document.hwForm.trendText.value)
59 if (document.hwForm.seasonText.value) {var theBeta=document.hwForm.seasonText.value}
60 var a=l
61 var b=l
62 var r=1

129



63 if (theAlpha<0){a=0}else{if (theAlpha>l){a=0}else {a=1}}

641 if (theBeta<0){b=0}else{if (theBeta>l){b=0}else {b=1}}

65 if (theGamma<0) {r=C}else{if (theGamma>l){r=C}else {r=1}}

66 if (a==0)

67 {alert ("Invalid weights! Weights should larger than 0 and less than 1.}

68 else

69 {

70 if (b==0)

71 {alert("Invalid weights! Weights should larger than 0 ané less than 1.7}

72 else

73 {

75 if (r==0)

75 {alerz("Invalid weights! Weights should larger than 0 and less than 1.")}

76 else

7 {

78 if (!document.hwForm.sealength.value) {alert ('A season length is reguired!')}

79 else

80 {

81 if (tdocument.hwForm.starztime.value){alert('A start time is regquired!')}

g2 else

83 {

84 if (!document.hwForm.startperiod.value) {alert('A start period is
required! ')}

85 //else{document . hwForm.tf.value="ok"}

86

87 }

88 }

89 }

S0 }

91 }

92 function theHelp()

83 {

94
helpWindow=window.open("", "helpWindow", "HEIGHT=300,WIDTH=300, menubar, resizeable, scroll
ars,status" )

95 helpWindow.document.open{) ;

96 helpWindow.document.writeln("<htmlis<head><titlesmy help ");

97 helpWindow.document.writeln("</title></heads>");

98 helpWindow.document.writeln("<body><PRE>") ;

L] helpWindow.document.writeln("This is the help")

100 helpWindow.document.writeln{"</PRE></body></himl>")

101 helpWindow.documenz.close ()

102}

103 <function cursor (text)

104

103 //Detect IE version

106 . .DetectIE()

107 //if IE's version is 5.0+, then using special dynamic features
108 if (IEBversions>=3)

105 {

sprompt.intesiTML=text

sprompt.style.color="red"
sprompt.style.visibility="vigible"
sprompt.style.position="absolute"

1145 sprompt.style.left=event.clientX-50
115 sprompt.style.top=event.client¥+10
116}
117 )
118
119 <Zfunction hidecursor()

o {

//Detect IE version
DetectIE()
//if IE's version is 5.0+, then using special dynamic features
if (IEversion»>=35)
{sprompt.style.visibility="hidden"}
}
function doWinter()

{

var filename=hwForm.filename.value
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var sealength=hwForm.sealength.valu

var starttime=hwForm.starttime.value

var sta .pe*zoc- hwForm.startperiod.value
var Rpath=hwForm.Rpath.value

var rfilepath=hwForm.rfilepath.value

var model:ype

if (hwForm.mocdelTvpe [0] .checked)
{moceltype="multiplicazive"
else{modeltype="additive"}

if (hwForm.modelType [1].checked)
{modeltype="additive"}

var level=hwForm.levelText.value

if (level=="") {level="NULL"}

var trend=hwForm.trendTex:.value

if (crend=="")
var seaso wForm.seasonText.value

if (season=="") {season="NULL"}

var isfore=hwForm.checkForecast.value

var foreno=hwForm.foreNo.value

var fitdatazhwForm.fitdata.value

var residata=hwForm.residata.value

var forecata=hwForm.foredata.value

var realfit=hwForm.realfi:c.value

var seagraph=hwForm.seagraph.value

var resigraph=hwForm.resigraph.value

var realfore=hwForm.realfore.value

//vsers need to change the following variables to match their local installation
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157 wvar Rcom=Rpath+"/bin/rterm.exe"

158 var sample=riilepath+"/beer.dat"

:59 //"'t."Q""'"‘-"!"""t"""'t""t""'t"t"""I"t"""""
160

161 wvar mybat=rfilepath+"/mybat.bat"

162 var rfile=rfilepath+"/rfile.R"

163 var rlog=rfilepath+"/rlog.txt"

164

185 wvar fsol=new ActiveXObject{"Scripting.FileSystemObject")

166 var myfile = fsol.CreateTextFile(mybat, true)

167 myfile.Writeline(Rcom+" --vanilla <"+rfile+">rlog")

168 myfile.Closel()

168

170 wvar fso2 = new ActiveXObject ("Scripting.FileSystemObject®);

271 wvar file = fso2.CreateTextFile(rfile, true);

172 £file.WritelLine("sHolt-Winters")

173 £file.WritelLine("library(cs)")

174

175 //if the user doesn't choose any file, then by default use the sample data (beer.dat)

17 if (ifilename)

177 {file.WriteLine(“mydata<-read.:ab1e('“+samp1e+"')")}
178 else

179 {file.Wri:eLine("myda:a<-:ead.:ab1e(’"*filename‘"')")}
180 <file.WriteLine("n<-nrow(mydaza)")

181 Zfile.WritelLine("c<-ncol(mydata)")

182 Zfile.WriteLine("newc<-c+1")

h

183 <file.Writeline("cyclec<-floor(n/"+sealength+")")

184 Zfile.Writeline("restc-n- cvcle'"+sea’eng:

185 Zfile.® r1~e~1ne("season<- +sealengt?

186 <file.Writeline("#conver:t the data to time series object™

187 f;le.Wri:eLine(":s.myca:a<-
:s(mydata[,l],starz:c("¢s:ar::ime+","+s:ar:period¢"),frequency="+sealengzh4")")

188 <£file.WriteLine("startTime<-"+starttime)

182 <file.Writeline("startPeriodc-"+startperiod)

190 <Zfile.WritelLine("#fit the data to Holt-Winter model")

191 Zfile.WritelLine("hw.mydatac<-

HoltWinters(ts.mydata,alpha="+level+", beta="+trend+",gamma="+season+",seasonal='"+model
type+""}")
192 £file.Writeline("#generate the fitted cdata")
3 file.WritelLine("fit.mydata<-fitted(hw.mydaza)")
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var cdatafilel=""
var datafile2=""
var datafile2=""
var datafiles=""
var plotfileil=""
var plotfile2=""
var plotfile3=""
var plotfileg=""
//1if need to make forecas:
)

file.Writeline("#make ZIforecast")

file.Writeline("fhw.mydata<-predict (hw.mydata, n.ahead="+Zoreno+")")

//output forecast values
if (foredaza){
file.Writeline("soutput forecast values”)
file.Writeline("ma.fhw<-data.macrix(fhw.mydacta)")
file.Writeline("ve.fhwe-as.vector(ma.fhw) ")

i1 ric Line{"wr*‘e.:ab’e(ve.-hw
mes=FALSE, col.names=c('The forecas:t values:'))")
var datafileis r-xlepa.h‘"/fo:eda:a.:x:"

—

//plot real cdata and Zorecasts
if (realfore){
‘i’e WriteLine ("s#iplotting the re
le.Writeline ("bmp(file=""+rfil

lh

file.Writeline("ts.plot(ts.mydata, £hw.mydata,col=c('blue’, 'red')) ")

file.Writeline("title(main=

forecasts: redl ') ")
file.Writeline("dev.off(}")
var plotfilel=rfilepath+"/realf

‘The plot of real data and forecasts (real

ore.bmp

//output fitted cata
if (fitéata){
file . WritelLine("#outputr fitted data")
file.Writeline("ma. fl: -data.matrix(fic.mydaza)")
file.Writeline("ve.fitc-as.vector({ma.fit) "}
file.Writeline("write.table(ve.fit,file=""+rfilepath+"/fitcdata.txt',quote=FALSE, row.nam
es=FALSE, col .names=c{'The fitted data:')}")
var cdatafile2=rfilepath+"/fitdata.txt"

file.Writeline("re.mydata<-resicduals.HoltWinters (hw.mydata)")

//outpur resicduals

if (residatal{
file.writeline("#output residuals")
file.Writeline("ma.rec<-data.matrix(re.mycata)")
file.Writeline("ve.rec<-as.vector{ma.re)"

file.writeline("write.table(ve.re,file=""+rfilepath+"/residata.sxc"'
es=FALSE, col.names=c ('The residuals:'))")
var datafile3=rfilepath+"/resicdata.tx:"

//plot real data ané fits
if (realfit){
file.WritelLine("#plot

£ < its")
f£ile.WriteLine("bmp (£i

ing the real data ané fit
le='"srfilepath+"/realfitc.bmp’',

width=300,height=
file.WritelLine("ts.plot(ts.mydata,fit.mydata,col=c('biue’', 'red'))")
file.Writeline("title(main='The plot of real data and fits (real data:
recé) ')} ")

file='"s+rfilepath+"/foredata.txt',guote=F

,Quote=FALSE, row.nam

blue,



253 file.Writeline("dev.off()")

254 var plotfile2=rfilepath+"/realfit.bmp"

255 |}

256 //plot residuals

257 if (resigraph)({

238 file.WritelLine("#plotting the residuals")

259 file.Writeline("bmp(file='"+rfilepath+"/resigraph.bmp',width=300,height=300)"
260 file.Writeline("plot{re.mydaza,col=c('blue'})")

261 file.Writeline("title(main="The plot of residuals')")
262 file.Writeline("dev.oif(}")

263 var plotfile3d=rfilepath+"/resigraph.bmp"

264 )

265 //plot seasonal index
266 if (seagraph){

267 file.Writeline("#plotting the seasonal index")

268 file.Writeline("coef<-hw.mycataScoefficients")

269 file.Writeline("sea.index<-coef[3:14]")

270 file.Writeline("bmp(file=""+rfilepath+"/seagraph.bmp’,width=300,heighz=300)")
272 file.WritelLine("plot{sea.index, type='b')")

272 file.Writeline("title(main='The plot of seasonal indices')")

273 file.WritelLine("dev.of£()")

274 var plotfiles=rfilepath+"/seagraph.bmp"”

273}

276
277 <£file.Writeline("myresul:tc-
c(hw.mydataSseasonal, hw.mycata$alpha,hw.mydata$beta, hw.mydataScamma, hw.mydata$SSE) ")

278
file.Writeline("write.table(myresul:,file='"+rfilepath+"/myresuls.txz’', guote=FALSE, row
names=c('mocdel type:',6 'alpha:','beta:’','camma:’', 'sum of squared
errors (SSE) : ') ,col .names=c('The £inal results:'))")

279 var cdatafiles=rfilepath+"/myresult.cxt"

280 file.WritelLine("")

281 <Zfile.Close{)

282

283 var datafile=datafilel+" "+datafile2+" "+cdatafile3+" "+datafiles

284 var plotfile=plotfilel+" "+plotfile2-" “+plotfile3+" "+plotfiles

285 alert("Now please run the baich file '"+mybat+"' to invoke R! \n\n"

286 +"Then you will get the following Ziles in c:/temp: \n"

287 +"1. The file which performs forecasting and plotting: "+rfile+" ;\n"

288 +"2. The R log Zfile:"s+rlog+" ;\n"

289 +"3. The plots include: "+plotfile+" ;\n"

290 +"4. The output data files include: "+datafile+" .\n\n"

281 +"ATTENTION: please move Or rename the above files for the future use, otherwise nex:t
operation will overwrite them!tt")

252 |}

283 //-->

284 </script>

285 < /HEAD>

296

297 <BODY onload="message()">

298 <Iform name="hwForm" action="hw.cgi" enctype="multipart/form-cdata” method=post>

2992 «<center>c<h3>Holt-Winters' Smoothing</h3></centers>
300 <centers>
301 <TABLE>

302 <TR>

303 <té></td>

304 <td align=centers<input type="button" value="Help" onclick="theHelp()"></td>

305 <td align=right><A href="localfore.html">Home </A></td>

306 </TR>

307 <TR>

308 <td colspan=3>c<hr></td>

308 </TR>

310 <TR>

321 <TD colspan=3>c<b>lLoad data: </b>(if you don't choose a local file, the sample data

will be used.)</TD>
312 </TR>
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<TR>
<TD>Choose a local file: </TD»>
<TD colspan=2><INPUT type="file" name="filename"></TD>
</TR>
<TR>
<TD colspan=3»><b><BR>Transfer the data
</TR>
<TR><span id="sprompt" style="visibility:hidden">WELCOME</span></TR>
<TR>
<TD>Length of season: </TD>
<TD>Start time: </TD>
<TD>Start period: </TD»>
</TR>
<TR>
<TD><INPUT type="text" name="sealength" value="12" on3lur="if
(!{document .hwForm.sealength.value) {alert ('A season length is
reguired!');document .hwForm.sealength.focus()}" onMousemove="cursor('Length of season
can be 12 months per year, 4 guarters per year, etc.')" onMouseout="hidecursor()"></TD>

0 a time series:</b></TD>

ot

<TD><INPUT type="text" name="starttime" value="1956" onBlur="if
({document .hwForm.starctime.value) {alert ('A start time is
reguired!') ;document.hwForm.starttime.focus () }" onMousemove="cursor('Start time can be
vear 13956, etc.')" onMouseout="hicecursor()"></TD>

<TD><INPUT type="text" names"startperiod" value="1" onBlur="if

({document .hwForm.startperiod.value) {alert ('a start period is
required!');document.hwForm.startperiod.focus()}" onMousemove="cursor('Start period can
be Zirst month, third guarter, etc.')" onMouseout="hidecursor()"s></TD>
</TR>
<TR>

<TD colspan=3><br><b>Path in which the R package was installed in your
computer:</b></TD>
</TR>
<TR>

<TD><input types"text" name="Rpath" value="c:/progra~1/r/rwl051"><br></TD>

<TD></TD>

<TD></TD>
</TR>
<TR>

<TD colspan=3><br><b>Path in which you want to save the temporary files:</b></TD>
</TR>
<TR>

<TD><input type="text" name="rfilepath" wvalue="c:/temp"><br></TD>

<TD></TD>

<TD></TD>
</TR>

<TR>

<td colspan=3><hrs></tds>

</TR>
<TR>

<TD><b>Model type:</b></TD>

<TD><input type="radio" name="modelType" value="multiplicative"
checkeds>Multiplicative</TD>

<TD><input type="radio" name="modelType"” value="additive">Additive</TD>
</TR>
<TR>

<TD colspan=3><b>Smoothing weights: </b>(if you leave the following weights blank,
the default weights will be chosen.)</TD>
</TR>
<TR>

<TD>Level (Alpha) : </TD>

<TD>Trend (Beta) : </TD>

<TD>Season (Gamma) : </TD>
</TR>
<TR>

<TD><input type="text" name="levelText" onmousemove="cursor ('The level weight should
be larger than 0 and less than 1')" onmouseout="hidecursor()"></TD>

<TD><input type="text" name="trendText" onmousemove="cursor ('The trend weight should
be larger than 0 ané less than 1')" onmouseout="hidecursor()"></TD>

<TD><input type="text" name="seasonText" onmousemove="cursor('The season weight
should be larger than 0 and less than 1')" onmouseout="hidecursor()"></TD>
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</TR>

<TY>

<td colspan=3s><hr></td>

</tr>
<TR>

<TD colspan=3><input type="checkbox" name="checkForecast" checked
onClick="SureForecast () "><b>Generate forecastis</b></TD>
</TR>
<TR>

<TD colspan=2><span id="sl" >Periods ahead of forecasting:</span>

</TD>

<TD><input type="text" name="ZoreNo" ID="foreNol" value="12" ></TD>
</TR>

<zr>

<t@ colspan=3s<hr></td>

</Tr>
<TR>

<TD><b>0utput:</b></TD>

<TD><input type="button” value="Select all"
onClick="document.hwForm.fitdata.checked="'true';document.hwForm.residata.checked="'true"
;document . hwForm.foredata.checked='true’ ;document . hwForm.realfit.checked="'true';documen
t.hwForm.seagraph.checked='true' ;document.hwForm.resicraph.checked='crue’ ;document.hwFo
rm.realfore.checked="true';"></TD>

<TD><input type="button" value="Unselect all"

onClick="cdocument.hwForm.fitdata.checked=false;document .hwForm.residata.checked=*alse;¢&
ocument .hwForm.Zoredata.checked=£{alse;document.hwForm.realfit.checked=false;document.hw
Form.seagraph.checked==Ifalse;document.hwForm.resigraph.checkeé=£alse;document . hwFform.rea
lfore.checked=£false;"></TD>
</TR>
<TR>

<TD>Data</TD>

<TD><input type="checkbox" name="£fitcdata">Fitted data</TD>

<TD><input type="checkbox" name="residata"»>Resicduals</TD>
</TR>
<TR>

<TD></TD>

<TD><input type="checkbox" name="Zforecdata" ><span id="s2">Forecast values</span></TD»>

<TD></TD>
</TR>
<TR>
<TD>Graphics</TD>
<TD><input types"checkbox" name="realfit" checked>Plot real data & fits</TD»>
<TD><input type="checkbox" name="seagraph">Plot seasonal index</TD»>
</TR>
<TR>
<TD></TD>
<TD><input type="checkbox" name="resigraph">Plot residuals</TD>
<TD><input type="checkbox" name="realfore"s<span id="s3">Plot real data &
forecasts</span»</TD>
</TR>
<TY>
<td colspan=3><chr></td>
</cr>
<TYr>
<td></zd>
<td><input types"button" name="rundutton" value=" Go "
onClick="checkform() ;doWinter () ">&nbsp; &nbsp</td>
<td><input type="button" name="clearButton" value=" Clear "
onClick="reset () ;document.rwForm.ZoreNo.value="'';document.hwForm.sealength.value="'";doc
ument. hwForm.starttime.value='";document.hwForm.startperiod.value="'"';"></zé>

</TABLE>
</center>
</form>
</B0DY>
</HTML>



Listing E.3. The tsd.html program

1 <HTML>

2 <HEAD>

3 <TITLE>Time Series Decomposition</TITLE>
4 <style>

5 TABLE {width:80%;}

6 span {color:black:}

7 </style>

8 <script language="Javascript's>
] <!--

10 function message ()

11 {

2 alert ("ATTENTION:\n"

13 +"The program will generate a batch file and a R command file, if you click the GO
button.\n"

+"Please run the batch file to invoke R and get your text or graphical output
£iles.\n\n"

+"You can use the example data file 'beer.cdat', but make sure that you have stored
it\n"

b
KN

=
w

16 +"in the directory you want to specify to save temporary files."
17 }
18 function DetectIE()
15 {
20 //Dezect IE version
21 IEversion=0
22 if (navigator.appVersion.index0Of {"MSIE") !=-1)
23 {
4 verTemp=navigator.appVersion.split ("MSIE")
25 Eversion=parseFloat (verTemp[1])
2 }
27 }
28 function SureForecasct()
28 {
30 //Dezect IE version
31 DetectIE()
32 //if IE's version is 5.0+, then using special dynamic features
33 if (IEversion»>=3)
3% {
35 if (document.tséForm.checkForecast.checked)
36 {
37 document.tsdForm.foreNo.disabled=Salse
38 cocument.tsdForm. Zoredata.disabled=false
39 document.tsdFform.realfore.disabled=%alse
30 document.tsdForm.all.sl.style.color="black"
41 document.tsdForm.all.s2.style.color="black"
a2 document.tsdForm.all.s3.style.color="black"
43
$% else
45 {
46 document.tsdForm. foreNo.disabled=true
47 document.tsdForm. forecata.disabled=true
8 cocument.tscéForm.realfore.disabled=true
9 document.tsdForm.all.sl.style.color="gray"
0 document.tsdéForm.all.s2.style.color="gray"
b document.tsdForm.all.s3.style.color="gray"
2
3 }

}

function checkform()

document.tscéfForm.tf.value="ok"

}

function theHelp()

GO U U U UL U UL WU e s
~ U s

O wmw



62
helpWindow=window.open("", "helpWindow", "HEIGHT=300,WIDTH=300, menubar, resizeable, scrollb
ars,status" )

63 helpWindow.documenz.open() ;

4 helpWindow.document.writeln ("<html>cheads><titles>my help ");
65 helpWindow.document.writeln("</titles</head>");

66 helpWindow.document.writeln ("<body><PRE>");

67 helpWindow.document.writeln("This is the help")

68 helpWindow.document.writeln ("</PRE></bodys></himl>")
69 helpWindow.document.close ()

70}

71 function cursor(text)

72 |

73 //Detect IE version

74 DetectIE()

75 //ifZ IE's version is 5.0+, then using special dynamic features
76 if (IEversion>=3)

77 {

7 sprompt.innerdTNL=text

79 sprompt.style.coler="red"

80 sprompt.style.visibility="visible"

8l sprompt.style.positicon="absolute"

82 sprompt.style.left=event.client-50

83 sprompt.style.top=event.client¥+10

4 }

85 }

86

87 function hidecursor()

8s  {

89 //Detect IE version

80 DetectIE()

el //if IE's version is 5.0+, then using special dynamic features
92 if {IEversion>=5)

93 {sprompt.style.visibility="hidden"}

-

function doTSD()

po

lename.value
=t ox ealength.value

var starttime=tsdéror s:a.tzlme.value

var startperiod=ts c:orn.star:period.value

var Qpa_n- sdForm.Rpath.valu

var rfilepath=tscdForm.rfilepath.value

var moce-.ype

if (tsdForm.modelType [0] .checked)

{modeltype="multiplicazive")}

else{modeltype="additive")

if (tsdForm.modelType (1] .checked)

{moceltype="addizive"

var isfore=tsdForm.checkForecast.value

var foreno=tsdForm.foreNo.value

var fitdata=tsdForm.fitzdata.valu

var resicdata=tsdForm.residata.value

var forecdata=tsdForm.forecata.value

var realfit=tscForm.realfit.valte

var seagraph=tscForm.seagraph.value

var resigraph=tsdFform.resigraph.value

var realfore=tsdForm.realfore.value

orm.f

.T "

var f£ilename
var sealength
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//users need to change the following variables to match their local installation

120 wvar Rcom=Rpath+"/bin/rterm.exe"
121 var sample=rfilepath+"/beer.dat"

122 //"""'t'v'""Q't""""""t't'"""t"""O""""""""'t'
123 var mybat=rfilepath+"/mybat.bat"

124 wvar riile=rfilepath+"/rfile.R"

125 var rlog= r‘zlepa-u+"/r‘og <

126 var Isol=new ActiveXObject (" Scr;ptzng.?-leSvshemob]ec ")

127 wvar myviile = fso-.Crea;eTex-?zle(myba;, true)

128 myfile.Writeline(Rcom+" --vanilla <"+rfile+">rlog")

129 myfile.Close()
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var f£so2 = new ActiveXObject("Sc
var file = £so02.CreateTex:tFile(r
file.WriteLine ("s#TSD")
£ile.WritelLine("library(ts)")

//ig user doesn't choose any £ile, then by defaul:
if (!filename)
{file.Writeline("mydatac-read.table (' "+sample«"')")}
else

file.WritelLine("mydatac<-reac.table('"+filename+""')")}

use the sample cdata

(beer.dat)

file.WriteLine("n<-nrow(mydata)")

file.Writeline("c<-ncol {mydata)")

file.wWriteline ("newcc-c+1")
file.WritelLine("cycle<-Zloor(n/"+sealength+"}")
file.Writeline("rest<-n-cycle*"+sealeng:th)
file.WritelLine("seasonc-"+sealength)

file.Writeline("#convert the data to time series object")
file.WritelLine("ts.myvéatac-

ts{mydatal,1],start=c("+starttime+", "+startperiod+"), frequency="+sealength+")")
file.WritelLine("startTime<-"+starttime)
file.WritelLine("startPeriod<c-"+starcperiod)

file.WritelLine("#fit the data o TSD model")
file.WritelLine("mydata{,newcl<-c(i:n}")
file.Writeline("lm.mydata<-lm{mydatal,1]~mydatal,newc])")
file.writeline("inte.mydatac-1lm.myvdatascoefficients{1]")
file.WriteLine("slope.mydatac<-lm.mydata$coefficients[2]")
file.Writeline("tsd.mydata<-cdecompose (ts.mycdata,type="'"+model Type+"')")
file.WriteLine("index.mydatac-tsé.mvéata$ficure")
file.WriteLine("seasonal.mydatac-rep(index.mydata, cimes=cycle)")
file.Writeline("doSeason<-function(res:z,x,v){")
file.wWritelLine("lec-lenczhix)")

file.WritelLine("if (rest!=0){")

file.WritelLine("for (i in l:resz){")

file.WritelLine("x([le+il<-y{il")

file.WriteLine("x}}™)

file.WritelLine("else {x}}")
file.wWriteLine("seasonal2.mydata<-doSeason{res:c ,X=seasonal.mydata,y=index.mydata)")

file.Writeline("trend.mydata<-inte.mycata+mydatal,newc]*slope. mycata")

//check the mocdel type and
model == "multiplicative")
ile.Wri ne("fic.mydata<-trend.mycata*seasonal2.mydata") )

Fh thea (B~ b
B b tho - e b S
0

i eline("fit.mydata<-trend.mydata+seasonal2.mydata")}
he Line("sgenerate the fitted data")
1 eLine("fit.ts<-

ts ydata,start=c(startTime,startPeriod),

var dat ="

var datafile2=""

var datafile2=""

var cdatafileg=""

var plotfilel=""

var plotfile2=""

var plotfile3=""

var plotfileg=""

//if need to make forecast

if (isfore)

{

file.Writeline("2make forecast")
file.Writeline("trend.fore<-inte.myéata+c( (n+1):
file.Writeline("doForeSea<-Iunction(re,y,fore,sea){")
file.WritelLine("x<-rep(NA,times=£fore)")
file.Writeline("for (j in l:fore)")
file.Writeline("{if (re==0)")
file.Writeline("{mm<-j%¥seal")
file.WritelLine("else")
file.WriteLine (" {mm<- (j+re) $¥sea)")

(n+"+Zoreno+")) *slope.myvdata")



184 file.WriteLine("if (mm==0)")
185 £file.WriteLine("{x[jl<-ylseal}")
196 file.WriteLine("else")
197 file.WriteLine ("{x[jl<-vimm)}}")
198 file.WriteLine("x}")
188 <file.Writeline("season.Zore<-
doForeSea (re=rest,y=index.mydata, fore="+foreno+", sea-season) ")
200 //check the model type
201 if (modeltype == "multiplicative")
202 {file.WriteLine ("fore.mydatac<-trend. ore*season.fore") }
203 else
204 {file.Writeline ("fore.mydatac<-trend.fore+season.fore"))

205 £file.Writeline("doTs<-function(time,cy,re){")
206 file.WritelLine("if (re==0){")
ile.WriteLine ("mystart<-c((time+cy),1)}"

3

£

208 file.WriteLine("else{")

209 file.WritelLine("mystartc<-c((time+cy-1), (re+2))}")

210 file.Writeline("mystart}")

221 file.Writeline("theStart<-doTs(time=starctTime,cy=cycle,re=rest)”")

212 file.WritelLine("fore.ts<-ts(fore.mydata,start=theStart, frequency=season)")

22 //output forecast values

215  if (foredata){

215 file.WrizelLine("s#output forecast values")

216 file.WritelLine("ma.tsd<-cdata.matrix(fore.ts)")

217 file.Writeline("ve.tsd<-as.vector (ma.tsd)")

218
file.V rl.eLiﬂe("w**:e.-a:le(ve._sd,-x’e—'"+r51‘epa~5+"/‘oveca~a..x“',quo:e:?ALSE,row.na
mes=FALSE, col.names=c('The forecast values:'))")

219 var da~a-11e1=rfilepa:h+“/fo:eda:a.:x:"

220}

221  //plot real cdata and forecas:ts

222 if (realfore) {

223 file.WriteLine("#plotting the real data and forecasting wvalues")

224 file.WritelLine("bmp(file='"+xIilepath+"/realfore.bmp',width=300,height=300)")

225 file.WriteLine("ts.plot (ts.mycata,fit.ts, fore.ts,col=c('blue’, 'green','red'))")

026 file.Writeline("title(main='The plot of real data and forecasts (real data: blue,
fits: green, Zforecasts: red)')")

227 file.WriteLine ("dev.ofE()")

228 var plotfilel=rfilepath+"/realfore.bmp"

229 }

230 }

231 //outpu:r fitted data
232 if (fitcata){

233 file.WriteLine("2outpur fitted data")

234 file.Writeline("ma.fit<c-data.matrix(fiz.cs)")

235 file.Writeline({"ve.fit<-as.vector(ma.fiz) ")

235
file.Writeline("write.table(ve.fit,file=""+rfilepath+"/fitdata.txt', guote=FALSE, row.nam
es=FALSE, col.names=c('The fitted data:'))")

237 var datafile2=rfilepath+"/fitdata.txt"

238}

239 <file.Writeline("re.mydata<-ts.mydata-fit.ts")

240 //output residuals

241 if (residata)({

252 file.Writeline("*output residuals")

243 file.Writeline("ma.re<-cdata.matrix(re.mydata)")

234 f£ile.Writeline("ve.rec-as.vector(ma.re)")

245
file.Writeline("write.table(ve.re,file=""+rfilepath+"/residata.txt',quote=FALSE, row.nam
es=FALSE, col.names=c ('The residuals:'))")

246 var datafile3d=rfilepath+"/residata.txt"

247

248

249 //plot real data and fits

250 if (realfit){

251 file.WritelLine("#plotting the real data and £fits")

252 file.Writeline("bmp(file='"+rfilepath+"/realfit.bmp’',width=300,height=300)")

253 file.Writeline("ts.plot(ts.mycata,fit.ts,col=c('blue’, 'red'))")

254 file.WritelLine("titie(main='The plot of real data ané £fits (real data: blue, fits:
red) ') ")

255 file .Writeiine("dev.ofZ()")



256 var plotfile2=rfilepath+"/realfit.bmp"
257 )
258 //plot residuals

£

259 i (reszcraph){

260 file.Writeline{"#plotting the residuals")

261 file.WriteLine("bmp(f;le:'"4rfi1epa.h+"/res~crap“.bmp',wid:h:BOO,heigh::BOO)"
262 file.Writeline("plot (re.myvéata,col=c('blue’')) "}

263 file.WriteLine("title{main='The plot of residuals')")

2 file.WritelLine("dev.off()")

265 var plotfile3=rfilepath+"/resigraph.omp"
266

267 //plot seasonal index

288 if (seagraph){

269 file.Writeline("#plotting the seasonal index")

270 file.WritelLine("index<-tsd.mydatas$figure")

271 file.WritelLine("bmp(file=""+rfilepath+"/seagraph.bmp',width=300,heighz=300)")

272 file.Writeline("plot (index, type='b')")

273 file.Writeline("title{main="'The plot of seasonal indices')")

274 file.WriteLine("dev.ofs() ")

273 var plotfile4=rfilepath+"/seagraph.bmp"

276

277 £file.Writeline("myresultc-
matrix({c{tsd.mydatastype,rep('',11),tsd.mydatasfigure(1:12],inte.mydata, rep('',11),slop
e=c{slope.mydaza),rep('', 12 ),nrow 4,ncol=12,byrow=TRUE) ")

278
file.Writeline("write.table (myresult,file='"+rfilepath+"/myresuls.cxc', quote=FALSE, row.
names=c{'model type:',6 'seasonal indices:', 'intercept of the treand eguation:', 'slope of
the trend eguation:'),col.names=c('The £inal results:',rep('',11)))n")

279 var datafile4=rfilepath+"/myresulc.txt"

280 <file.writeline("")

281 file.Closel)

282 var datafile=datafilel+" "+cdatafile2+" "+datafile3+" "+data‘files

283 wvar plotfile=plotfilel+" "s+plotfile2+" "+plotfilel3+” "+plotiile

284 alert("Now please run the batch file '“+mybat+"' to invoke R! \n\n"
283 +"Then you will get the Zfollowing files in c:/temp: \n"

286 +"1. The file which performs forecasting andé plotting: "+rfile+" ;\n"
287 +"2. The R log file:"+rlog+" ;\n"

288 +"3. The plots include: "+plotfile+" ;\n"

288 +"4. The output data files include: "+datafile+" .\n\n"

290 +"ATTENTION: please move or rename the above files for the future use, otherwise next
operation will overwrite them!!!")

291 )}

282 //-->

293 «</script>

284 </HEAD>

295 <BODY onload="message()">

296 <Iorm name="tsdForm" action="tsd. cgl" enctype="multipart/form-data" method=pos:>
297 «<center><h3>Time Series Decomposition</h3s»</centers

298 «<centers

299 <TABLE>

300 <TR>

302 <té>c/td>

302 <td align=center»<input type="button" value="Help"” onclick="theHelp()"></td>

303 <td align=right><A href="localfore.html">Home </A></td>

304 </TR>

305 <TR>

306 <td colspan=3><hr></té>

307 </TR>

308 <TR>

3098 <TD colspan=3><b>Load data: </d>(if you don't choose a local file, the sample data

will be used.)</TD>

320 </TR>

311 <TR>

312 <TD>Choose a local file: </TD>

313 <TD colspan=2><INPUT type="£ile" name="£filename"></TD>

314  </TR>

315 <TR>

316 <TD c¢olspan=3><d><BR>Transfer the data to a time series:</b></TD>

317 </TR>

318 <TR><span id="sprompt" style="visibility:hidden"»>my prompts</span></TR>

140



319

323
324
325

327

328

330

’
)

w oL

o

£
W N O W ®

-

W W W w LWL L
kS

L
Ul

370

<TR>

<TD>Length of season: </TD>

<TD>Start time: </TD>

<TD>Start period: </TD>
</TR>
<TR>

<TD><INPUT type="text" name="sealength" value="12" onBlur="if
{!document .zsdForm. sealength.value) {alert ('A season length is
required!');document.:tsdForm.sealength.focus{) }" onMousemoves="cursor('Length of season
can be 12 months per year, 4 guarters per year, etc.')" onMouseout="hidecursor()"></TD>

<TD><INPUT type="text" name="starttime" value="1956" onBlur="if
(!document .tsdForm.starttime.value) {alert ('A star:t time is

reguirecd!');document.tséForm.starttime.focus () }" onMousemove="cursor{'Star:t time can be
vear 1936, etc.')" onMouseout="hidecursor () "></TD>

<TD><INPUT type="text" name="startperiod" value="1" onBlur="if
(!document.tsdForm.startperiod.value) {alert ('A start period is
reguired!');document.tsdForm.startperiod.focus () }" onMousemove="cursor('Star: period
can be f{irst month, third guarter, etc.')"™ onMouseout="hidecursor({)"></TD>
</TR>
<TR>
<TD colspan=3>cbr><b>Path in which the R package was installed in your
compucer:</b></TD>
</TR>
<TR>
<TD><input type="text" name="Rpath" value="c:/progra-1/r/rwll51"><br></TD>
<TD></TD>
<TD></TD>
</TR>
<TR>
<TD colspan=3><br><b>Path in which you want to save the temporary files:</b></TD>
</TR>
<TR>
<TD><input type="text" name="rfilepath" value="c:/temp"><br></TD>
<TD></TD>
<TD></TD>
</TR>
<TR>
<td colspan=3>chrsc/té>
</TR>
<TR>
<TD><b>Model type:</b></TD>
<TD><input type="radio" name="modelType" value="multiplicatiwve"
checkeds>Multiplicative</TD>
<TD><input type="radio" name="modelType" value="additive"s>Additive</TD>
</TR>
<TY>
<t@ colspan=3>c<hr></td>
</Tr>
<TR>
<TD colspan=3><input type="checkbox" name="checkForecast" checked
onCilick="SureForecast () "><b>Generate forecasts</b></TD>
</TR>
<TR>
<TD colspan=2><span id="sl" >Periods ahead of forecasting:</span>
</TD>
<TD><input type="text" name="foreNo" ID="foreNol" value="212" ></TD»>
</TR>
<tTr>
<td colspan=3><hr></té>
</Txr>
<TR>
<TD><bs>Output:</b></TD>
<TD>c<cinput type=“"button" value="Select all"
onClick="document.tsdForm.fitdata.checked="'true’ ;document.:sdform.residata.checked="'tru
e';document.tsdForm. {oredata.checked="'ctrue' ;document.tsdForm.realfit.checked="'true’;doc
ument .tsdForm. seagraph.checked='true' ;document.tséForm. resigraph.checked='true’ ;documen
t.tsdForm.realfore.checked="'ztrue';"></TD>
<TD><input type="button" value="Unselect all"
onClick="document.tsdForm.{itdata.checked=false;document.tsdForm.residata.checked=false
;document .tsdForm. forecdata.checked=false;document. tsdForm.realfit.checked=false;documen
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381
392
383
394
385
396
387

359
200
402
402
403
404

t.tsdForm.seagraph.checked={alse;document .tsdForm.resigraph.checked=5alse;document.tsdF
orm.realfore.checked={alse;"></TD>

</TR>
<TR>
<TD>Data</TD>
<TD><input type="checkbox"
<TDs><input type="checkbox"
</TR>
<TR>
<TD></TD>
<TD><input type="checkbox"
<TD></TD>
</TR>
<TR>
<TD>Graphics</TD>
<TD><input type="checkbox"
<TD><input type="checkbox"
</TR>
<TR>
<TD>»</TD>
<TD><input type="checkbox"
<TD><input type="checkbex"
forecasts</span></TD>
</TR>

td colspan=3s<hr></td>

<td><input type="hidden"
<td><input type="button" n
onClick="checkform() ;oTSD()"

name="£fitdata"s>Firred data</TD>
name="residata">Residuals</TD>

name="foredata" ><span id="s2">Forecast values</span></TD»>

name="realfit" checked>Plot real data & fits</TD>
name="seagraph”»>Plot seasonal index</TD>

name="resigraph">Plot residuals</TD>
name="realfore"s><span id="s3">Plot real data &

name="cf" value=""></té>
ame="runButton" value=" Go "
">&nbsp; &nbsp</td>

<td><cinput type="button" name="clearButton" value=" Clear *
onClick="reset () ;document.tsdForm.ZoreNo.value=""';document.tsdform.sealengzh.values="'";d

ocument.tsdForm.starttime.val

</tr>
</TABLE>
</centers>
</form>
</BODY>
</HTML>

ue=""';document.:tsdForm.startperiod.value="'"';"></cd>
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Listing E.4. The arima.html proeram

1 <HTML>

2 <HEAD>

3 <TITLE>ARIMA</TITLE>

4 <style>

5 TABLE {width:80%;)}

6 span {color:black;}

7 </style>

8 <script language="Javascript"s>

9 <!--

10 function message()

11 {

12 alert ("ATTENTION:\n"

13 +"The program will generate a batch file and a R commané file, if vou click the GO
butzon.\n"

14 ~"Please run the batch file to invoke R and get your text or graphical output
files.\n\n"

15 +"You can use the example data Iile 'beer.dat', but make sure that vou have stored
it\n"

16 +"in the directory you want to specify to save temporary files.")

17 }

18 function DetectIE()

e {

2C //Dezect IE version

22 IEversion=0

22 if (navigator.appVersion.indexOf ("MSIE") !=-1)

23 {

25 verTemp=navigator.appVersion.splic ("MSIE"

25 IEversicn=parseFfloat {verTempll])

26 }

27 }

28 function sureSeason()

29 {

3¢ //Dezect IE version

31 DetectIE ()

32 //if IE's version is 5.0+, then using special dynamic features

33 if (IEversion»>=5)

i

35 if (arimaForm.IsSeason.checked)

36 {

37 arimaForm.ARP.cisabled=false

38 arimaForm.DiffD.disabled=£false

39 arimaForm.MAQ.disablec=£false

40 arimaForm.all.s4.style.color="black"

41 arimarorm.all.sé.style.color="black"

42

43 else

44 {

45 arimaForm.ARP.value="0"

4 arimaform.ARP.disabled=true

47 arimaForm.DiffD.value="0"

48 arimaForm.DiffD.disabled=true

49 arimaForm.MAQ.value="0"

arimaForm.MAQ.cdisabled=tru
arimaForm.all.s4.style.color="gray"
arimaform.all.sé.style.color="gray"

}

W N o

o

function SureForecast()

{

wn

//Dezect IE version

DetectIE()
//if IE's version is 5.0+, then using special dynamic features
if (IEversions>=35)

{
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if (document.arimaForm.checkForecast.checked)
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document.arimaForm.foreNo.disabled=false
document.arimaForm.foredata.disabled=false
document.arimaForm.realfore.disabled=false
document.arimaForm.all.sl.stvle.color="black"
document.arimaForm.all.s2.stvle.color="black"
document.arimaForm.all.s3.styvle.color="black"

else
document.arimaform.foreNo.disabled=true
document.arimaForm.foredata.disabled=true
document.arimaForm.realfore. d-sab'ec-: rue

document.arimaForm.all.sl.style.color="gray"
document.arimaForm.all.s2.stvle. co’o ="gray"
document.arimaForm.all.s3.style.color="gray"
)

}

}

Zunction checkform()

{

var ARp=document.arimaForm.ARp.value

var ARP=document.arimaForm.ARP.value

var Diffd=document.arimaForm.Diffd.value

var DiffD=document.arimaForm.DiffD.value

var MAg=document.arimaForm.MAg.value

var MAQ=document.arimaForm.MAQ.value

var p=1l

if (ARp==""){p=0}else{if (ARp<0){p=0}else{ if (ARp>5){p=0}else{p=1}}}

var P=1

if (ARP==""){P=0}else{if (ARP<0){P=0}else{ if (ARP>5){P=0}else{P=1}})}

var d=1

if (Difid==""){d=0}else{if (Diffd<0){c=0}else{ if (Diffd>5){d=0}else{d=1}}}
var D=1

if £ ){D=0}else{if (DiffD<0){D=0}else{ if (DiffD>5){D=0}else{D=1}}}
var g=1

if (MAg==""){g=0}else{if (MAg<(){g=0}else{ if (MAg>3){g=0}else{g=1}}}

var Q=1

if (MAQ==""){Q=0lelse{if (MAQ<0){Q=0}else{ if (MAQ>5){Q=0}else{Q=1}}}

if (p==0){alert("Invalid parameters! AR, Difference and MA should be larger than 0 and
less than 5.")}

else

{

if (P==0){alert("Invalid parameters! AR, Difference and MA should be larger than 0
ané less than 5. ")}

else
if (d==0) {alert("Invalic parameters! AR, Difference and MA should be larger than 0
and less than 5."))
else

if (D==0){alert("Invalid parameters! AR, Difference and MA should be larger than 0
and less than 5.")}

else
{
if (g==0){alert("Invalid parameters! AR, Difference and MA should be larger than
0 and less than 5.")}
else
{

if (Q==0){alert("Invalid parameters! AR, Difference and MA shouléd be
larger than 0 and less than 5.")}

else

{document.arimaForm.t<.value="ok"}

}

}
}
}
}
function theHelp()

1

144



')
N
0

[}
W w w
- o

W KN OW®EIDO WS LN

)2
W wwwwww

[ W W R W R W
O S N N NS

W OW®m )W

'S

WK O Wm0y U

T T S o T S T T S S O T P P

N OO O G G G ULULG U U U U U UL

~ A9
WK O WD G W

~3
W -3 G Ut

[ L I

'™
<)
o

[
o o
= o

4 ps
@ @
w N

[y
[12]
N

185

187

191

183
134
195

helpWindow=window.open("",

ars,status" )
helpWindow.document.open() ;
helpWindow.document.writeln("chtml>chead><title>my help ");
helpWindow.document.writeln("</citles></heads>");
elpWindow.document.writeln ("<body><PRE>") ;
helpWindow.document.writeln("This is the help")
helpWindow.document.writeln ("</PRE></body></html>")
helpWindow.document.close ()

"helpWindow", "HEIGHT=300,WIDTH=300, menubar

}

function cursor(text)

//Decect IE version
DetectIE()
//if IE's version is 5.0+,
if (IEversion»=35)
'
{

then using special dvnamic features

sprompt.innerdTML=text
sprompt.style.color="red"
sprompt.style.visibility="visible"
sprompt.style.position="absolute"
sprompt.stvle.left=event.clientX-50
sprompt.style.top=event.client¥+5

—

function hidecursor()
{
//Detect IE
DeteczIE()
//if IZ's version is 5.0+,
if (IEversion»>=3)
{sprompz.style.visibil

version

using special dynamic features

ity="hidden")

function dOARIMA()
var filename=arimaForm.filename.value
var sealength=arimaForm.sealength.value

var starttime=arimaForm.starttime.value
var startperiod=arimaForm.startperiod.valu
var “path-a*ina“orm.Rpa:h.va‘"e

var rfilepath=arimaForm.rfilepath.value
var 1sseason-ar;ma.orm.IsSeason.value

var ARp=arimaForm.ARp.value

var ARP=arimaForm.ARP.value

var Diffd=arimaForm.Diffd.value

var DiffD=arimaForm.DiffD.value

var MAg=arimaForm.MAg.value

var MAQ=arimaForm.MAQ.value

var isconstant=arimaForm.Isconstanc.value
var isfore=arimaForm.checkForecas:.value
var foreno=arimaForm.foreNo.value

var resicdata=arimaForm.resicdata.value

var forecdata=arimaForm.forecata.value

var diaggraph=arimaForm.diaggraph.value
var realfore=arimaForm.realfore.value
//users need to change the following variables to match
+"/bin/rrterm.exe”

var Rcom=Rpath
rfilepath+"/beer.dat"
- w

var sample=
//t'tii" -

var mybat=rfilepath+"/mybat.bat"

var rfile=rfilepath+"/rfile.R"

var rlog=rfilepath+"/rlog.txc"

var Isol=new ActiveXObject ("Scripting.FileSystemObject")
var myfile = fsol.CreateTextFile (mybat, true)

myfile.Writeline (Rcom+"
myfile.Close ()
var £so2 = new ActiveXObject("Scripting.FileSystemCbject");

--vanilla <"+rfile+">rlog")
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196 var file = Iso2.CreateTextFile(rfile, true);
197 <£file.Writeline("#ARIMA")
198 <Zfile.WritelLine("library(ts)™")
99 //if the user doesn't choose any file, then by defaul:t use the sample data (beer.dat)

200 if (!filename)

202 {file.w:iteLine("myda:a<-read.:able(‘"osample+“‘)")}
202 else
203 {file.Wri:eLine("myda:a<-read.:able('“+£ilenam6v"')")}

204 <Zfile.WritelLine("n<-nrow(mydata)")
205 <file.WriteLine("c<-ncol (mydata)")
206 <file.WriteLine("newcc-c+1")
207 <file.Writeline(“cyclec-floor(n/"+sealength+")")
208 <file.WritelLine("rest<-n-cycle*"+sealength)
202 <file.Writeline("seasonc<-"+sealength)
210 <file.Writeline("#convert the data to time series object")
211 <file.Writeline("ts.mydatac<-
ts(mydatal,1],start=c("+starttime+", "+startperiod+") , frequency="+sealength+")")

212 file.Writeline("startTimec<-"+starttime)

213 file.Writeline("startPeriod<-"+startperiod)
214 £file.Writeline("#£it the cata to ARIMA model")
215 1if ({(isconstant)

216 {mymean="TRUE";}

217 else

218 {mymean="FALSE";}

219 1if (isseason)

220 ({file.WriteLine("arima.mydata<-

arima(ts.mydata,order=c("+ARp+", "+Diffd+", "+MAG+") ,Seasonal=1lisx (order=c ("+ARP+", "+Diff
D+", "+MAQ+") ), include.mean="+mymean+") ")}

221 else

222 {file.WritelLine{"arima.mydata<-
arima(ts.mycata,order=c("+ARp, "+Diffd, "+MAg+"),include.mean="+mymean+") ")}

223 var datafileil=""

224 var cdatafile2=""

225 var datafile3=""

226 var plotfilel=""

227 wvar plotiile2=""

228 //if need to make forecas:
229 1if (isfore)

230

232 file.Writeline ("#make forecas:z")

232 file.Writeline("predict.mydatac<-predic:t (arima.mydata, n.ahead="+foreno+")")
233 file.Writeline ("fore.myvdatac-predict.mydata$preé")

234 //output forecast values
235  if (foredata){

238 file.WriteLine("#output forecas:t values")

237 file.WriteLine("ma.fore<-data.matrix(fore.mydaza)")
238 file.Writeline ("ve.forec-as.vector (ma.fore)")

23¢

file.WriteLine("write.table(ve.fore,file=""+rfilepath+"/foredata.txt',guote=FALSE, row.n
ames=FALSE, col.names=c ('The forecast values:'))")

240 var datafilel=rfilepath+"/Zorecdata.txt"

41

242 //plot real data and forecas:s

243 if (realfore){

244 file.Writeline ("#plotting the real cata and forecasting values")

245 file.Writeline ("bmp(file='"+rfilepath+"/realfore.bmp',width=300,height=300)")

24€ file.Writeline("ts.plot (ts.mydata, fore.mydata,col=c('blue', 'red'))")

247 file.Writeline("title (main='The plot of real data and forecasts (real data: blue,
fits: green, forecasts: red)')")

248 file.Writeline ("dev.ofs(}")

249 var plotfilel=rfilepath+"/realfore.bmp"

250 }

251}

A

232 £file.Writeline("resi.mydata<-arima.mydataSresiduals")
253 //output residuals

254 1if (residata){

253 file.Writeline ("#output residuals")

256 file.WritelLine("ma.resi<-data.matrix(resi.mydata)")
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257 file.Writeline("ve.resic-as.vector(ma.resi)")

file.Writeline{("write.table(ve.resi,file='"+rfilepath+"/residata.txt',quote=FALSE,row.n
ames=FALSE, col.names=c('The residuals:'))")

259 var datafile2=srfilepath+"/residata.tx:t"

260 |}

261 //#lot tsdiag

262 1if (diaggraph) {

263 file.WriteLine("#plotting tsdiag")

264 file.WritelLine("bmp(file="'"+rfilepath+"/diaggraph.bmp', width=300,height=500)")
265 file.Writeline("tsdiag(arima.mydatal)")

266 file.Writeline("dev.off() ")

267 var plotfilel=rfilepath+"/diaggraph.bmp"

268}

269 file.Writeline("coefc-length(arima.mycdaza$coef)")
270 file.Writeline("thel<-7")

271 £file.Writeline("if (coef>8) {thelc-(coef-1)}")

272 file.Writeline("myresult<-matrix{(c(arima.mydataSaic,rep('’', (thel-
1)),arima.mycdata$arma{1:7],rep('', (thel-7)),names (arima.mycdataScoes) [1: (coef-
1)), rep('', (B-coef)) ,arima.mydata\Scoes [1: (coef-1)],rep(\"\", (8-

coef))),nrow=4,ncol=thel, byrow=TRUE) ")

273
file.WritelLine("write.table(myresulc,file='"+rfilepath+"/myresulc.txt', quote=FALSE, row.
names=c('AIC:’, 'arimalp.,g,P,Q,L,¢,D] ', 'names of coefficients:', 'values of
coefficients:'),col.names=c('The final results:',rep('',6)))")

274 var datafile3=rfilepath+"/myresult.tx:"

275 <£file.WritelLine("")

276 £file.Close()

277 var datafile=datafilel+" "s+catafile2+" "+datafilel

278 var plotfile=plotfilel+" "+plotfile2

279 alert("Now please run the batch £ile '"+mybat+"' to invoke R! \n\n"

280 +"Then you will get the following files in c:/temp: \n"

281 +"i1. The file which performs forecasting and plotting: "+rfile+" ;\n"

282 +"2. The R log file:"s+rlog+" ;\n"

283 +"3. The plots include: "+plotfile+" ;\n"

284 +"4. The output data files include: "+datafile+" .\n\n"

283 +"ATTENTION: please move or rename the above files for the future use, otherwise next
operation will overwrite them!!!")

286 }

287 //-->

288 «</scripts>

2R9 < /HEAD>

250 <BODY onloacds="message()">

291 <Iorm names="arimaForm" action="arima.cgi" enctype="multipar:t/form-data" method=post>

292 <center><h3>ARIMA modeling</h3></centers>
293 <center>
294 <TABLE>

285 <TR>

296 <td></téd>

287 <td align=center><input type="button" value="Help" onclick="theHelp()"></td>

298 <td align=right><A href="localfore.html">Home </A></td>

298  </TR>

300 <TR>

3021 <td colspan=3><hr></td>

302 </TR>

303 <TR>

304 <TD colspan=3><b>Load data: </b>(if you don't choose a local file, the sample data

will be used.)</TD>
303 </TR>

306 <TR>

307 <TD>Choose a local file: «/TD»>

308 <TD colspan=2><INPUT type="file" name="filename"></TD>

30¢ </TR>

310 <TR>

311 <TD colspan=3><b><BR>Transfer the data to a time series:</b></TD>

312 </TR>
313 <TR><span id="sprompt" style="visibility:hidden">my prompts</span></TR>
314 <TR>
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315 <TD>Length of season: </TD>

316 <TD>8tart time: </TD»>

327 <TD>Start periocd: </TD»>

318  </TR>

319 <TR>

320 <TD><INPUT type="text" name="sealength" value="12" onBlur="if

(!document.arimaForm.sealength.value) {alert ('A season length is
required! ') ;document.arimaForm.sealength.focus ()} onMousemove="cursorx ('Length of
season can be 12 months per year, 4 guarters per year, etc.')"
onMouseout="hidecursor()"></TD>

321 <TD><INPUT type="text" name="startiime® value="1556" onBlur="if
{{document.arimaForm.starttime.value) {aler:t ('A start ctime is
required!') ;document.arimaForm.starttime.focus () }" onMousemove="cursor('Start time can
be year 1936, etc.')" onMouseout="hidecursor()"s</TD»>

322 <TD><INPUT type="texi" name="startperiod" value="1" onBlu
(!document.arimaForm.startperiod.value) {alert ('A star:t period is
required! ') ;document.arimaForm.startperiod.focus()}” onMousemove="cursor('Star: period
can be first month, third guarter, etc.')" onMouseout="hidecursor()"></TD>

£

323 </TR>

324 <TR>

325 <TD colspan=3><br><b>Path in which the R package was installed in your
computer:</b></TD>

326 </TR>

327 <TR>

328 <TD><input type="text" name="Rpath" value="c:/progra~-1/r/rwl051"><brs></TD>

329 <TD></TD>

330 <TD></TD>

331 </TR>

332 <TR>

333 <TD colspan=3><brs><b>Path in which you want to save the temporary files:</b></TD>

3335 </TR>

335 <TR>

338 <TD><input type="text" names"rfilepath" value="c¢:/temp"><br></TD>

337 <TD></TD>

338 <TD></TD>

339 </TR>

34 <TR>

341 <td colspan=3s<hr></td>

352 </TR>

343 <Tr>

343 <tdrc/TE>

345 <té></td>

346 <td><input type="checkbox" name="IsSeason" checked onClick="sureSeason{() "><span
ic="s4" >Fit seasonal model</span></:d>

347 </tr>

348 <tr>

349 ctd>ec/td>

350 <td>Nonseasonalc</té>

351 <td><span id="sé" >Seasonalc/span></td>

352 </tr>

353 <TR>

354 <TD>Autoregessive (AR) </TD>

355 <TD><input type="text" name="ARp" onMousemove="cursor('AR should be larger than 0 and
less than 5.')" onMouseout="hidecursor()"></TD>

356 <TD><cinput type="text" name="ARP" onMousemove=‘"cursor ('AR should be larger than 0 and
less than 5.')" onMouseout="hidecursor()"s></TD>

357 </TR>

358 <TR>

358 <TD>Difference</TD>

3860 <TD><cinput type="tex:t" name="Diff{d" onMousemoves"cursor('Differenc should be larger
than 0 and less than 5.')" onMouseout="hidecursor()"></TD»>

362 <TD><cinput type="text" name="DiffD" onMousemove="cursor('Differenc should be larger
than 0 and less than 5.')}" onMouseout="hidecursor()"></TD»>

362 </TR>

353 <TR>

364 <TD>Moving average (MA) </TD>

365 <TD><input type="text" name="MAQ" onMousemove="cursor('MA should be larger than 0 and
less than 5.')" onMouseout="hidecursor()"></TD>

366 <TD><input type="text" name="MAQ" onMousemove=‘"cursor('MA shouid be larger than 0 and
less than 5.')" onMouseout="hidecursor()"></TD>
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</TR>
<tIr>
<td colspan=3><input type="checkbox" name="Isconstant" checkeds>Include constant
term in model</td>
</tr>
<TIr>
<td colspan=3><hr>c/td>
</cr>
<TR>
<TD colspan=3><input type="checkbox" name="checkForecast" checked
onClick="SureForecast () ">c<b>Generate forecasts</b></TD>
</TR>
<TR>
<TD colspan=2><span id="si" >Periods ahead of forecasting:</spans>
</TD>
<TD><input type="tex:t" name="foreNo" ID="foreNol" value="12" ></TD>
</TR>
<Tr>
<td colspan=3><hr></td>
</tr>
<TR>
<TD><b>0utput:</b></TD>
<TD><input type="button" value="Select all"

onClick="document.arimaForm.residata.checked='true’' ;document.arimaform. foredata.checked
='true’;document.arimaForm.diaggraph.checked="'true';document.arimaForm.realfore.checked

='true';"></TD>
<TD><input type="button" value="Unselect all"

onClick="document.arimaForm.residata.checked=false;document.arimaform.foredata.checked=
false;document.arimaForm.diaggraph.checked=false;document.arimaForm.realfore.checked==a
lse;"></TD>
</TR>
<TR>

<TD>Data</T2>

<TD><input type="checkbox" name="residata">Resicduals</TD>

<TD><input type="checkbox" name="Ioredata" ><span id="s2">Forecast valuesc</span></TD>

</TR>
<TR>
<TD>Graphics</TD>
<TD><input type="checkbox" name="diaggraph" checked>Plot diag graph</TD>
<TD><input type="checkbox" name="realfore" ><span id="s3">Plot real data &
forecasts</span></TD>
</TR>
<tr>
<td colspan=3><hrs></té>
</tr>
<tir>
<td><input type="hidden" name="tf" value=""></td>
<td><input type="button" name="runButton" value=" Go "
onClick="checkform(};doARIMA () ">&nbsp; &nbsp</td>
<td><input type="button" name="clearButton" value=" Clear "
onClick="reset () ;documen:.arimaForm.foreNo.value='"';document.arimaForm.sealength.value=
'';document.arimaForm.starttime.value='"';document.arimaForm.starcperiod.value="'"';"></zd
>
</crs>
</TABLE>
</centers>
</form>
</BODY>
</HTML>
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