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Summary: We present NetMul, a World-Wide Web 
(WWW) interface for multivariate analysis. NetMul 
uses a WWW client to provide a graphical user inter- 
face (GUI) to the computational part of a subset of the 
ADE-4 multivariate analysis system. This allows to 
completely separate the GUI from the computational 
part of NetMul. The computational part is written in 
ANSI C and runs on a WWW server (a Unix worksta- 
tion). The WWW client connects to this server and dis- 
plays HTML (HyperText Markup Language) forms 
through which the user can set the parameters of the 
analysis that he wants to perform. Input (data) and out- 
put (factor scores) files are easily transferred to and 
from the server. Graphical outputs (factor maps) are 
drawn directly in the WWW client window. This sys- 
tem provides a multi-platform compatibility layer over a 
wide range of computer hardware and operating sys- 
tems. 
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I. Introduction 

The development of graphical user interfaces (GUI) 
for computer operating systems and desktop soft- 
ware is a general trend of today computer industry. 
X-Windows (with Motif and OpenLook), Microsoft 
Windows, Apple Macintosh Finder, are examples of 
this development. Statistical software has followed 
this route (see for example Liu et al., 1995), with 
the consequence that the portability between differ- 
ent operating systems has become a difficult prob- 
lem. Porting the computational part of statistical 

software, and particularly multivariate analysis, is 
easy as long as it is written in a standard language 
(Fortran, C, etc.), but making a portable GUI is a 
much more difficult task. 

Here, we wish to underline the possibilities offered 
in this field by the standardization of computer net- 
work protocols. Thanks to protocol standardization, 
network applications (such as electronic mail or 
news readers, file transfer applications, or terminal 
emulation software) are now able to exchange in- 
formation independently from the operating system 
on which they run. The World-Wide Web (WWW, 
Berners-Lee et al., 1992) is a "wide-area hyperme- 
dia information retrieval initiative aiming to give 
universal access to a large universe of documents." 
WWW client software, able to browse through the 
large amount of information provided by the serv- 
ers, are available on all the major computer systems. 
HTML (HyperText Markup Language) is the lan- 
guage used to build WWW documents. This lan- 
guage includes the definition of special tags that 
allow the creation of simple user interface elements 
like buttons, menus, and editable text fields. 

We have used these possibilities to create a user in- 
terface to a subset of the ADE-4 multivariate 
analysis software package (Thioulouse et al., 1995). 
This user interface is called NetMul, and it can be 
used at the following URL (uniform resource loca- 
toO: 

http://biomserv.univ-lyon 1 .fr/NetMul.html 

The server is currently a Sun SpareStation 2 run- 
ning SunOS 4.3. 
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ADE-4 is a multivariate analysis software for Mac- 
intosh microcomputers. The documentation and 
downloading access is at: 

http://biomserv.unlv-lyon I .fr/ADE-4.html 

II.  NetMul  user  interface 

NetMul can be used to perform four types of multi- 
variate analysis methods: principal component 
analysis (PCA) for quantitative variables (Hotelling, 
1933), correspondence analysis (COA) for contin- 
gency tables (Williams 1952, Benz6cri 1973), mul- 
tiple correspondence analysis (MCA) for qualitative 
(discrete) variables (Nishisato, 1980; Tenenhaus 
and Young, 1985), and principal coordinate analysis 
(PCO) for distance matrices (Manly, 1994). The 
other options in NetMul are interpretation helps, 
that allow to perform the inertia analysis of rows 
and columns (decomposition of the total variance 
on each axis), to compute a data table reconstitution 
with some number of axes and the residuals be- 
tween this reconstitution and original data, and to 
compute factor scores for additional rows and col- 
umns not taken into account in the analysis (see Le- 
bartet al. 1984 for a detailed description of these 
points). 

Before using NetMul, the user must first transfer the 
data table to the server. This can be done either by 

using the '~ost Data" form and pasting the data ta- 
ble into the text field, or by anonymous FTP (file 
transfer protocol) to the following URL: 

ftp://biom3.univ-lyonl.fr//pub/NetMul/data 

The data files and all the output files are created in 
the same directory, and they can be retrieved with 
the WWW client or by anonymous FTP. 

Figure 1 shows the heading of NetMul home page 
with the main menu from which the user can choose 
the task he wants to perform. After clicking on the 
'Tat's go !" button, the user is presented with a fill- 
out form, which content depends on the option se- 
lected in the main menu. Figure 2 shows the form 
corresponding to the PCA on standardized variables 
option. Once this form is filled out, the "Submit 
Query" button can be used to start the computa- 
tions, and a text report is subsequently generated. 
This report is displayed in the WWW client window 
and it can be copied and pasted into other applica- 
tions. The resulting factor scores are stored in two 
files in the same directory as the data file. 

A graphical display of principal axes (factor map) 
can be drawn with a special form that offers a 
WWW interface to the gnuplot program (from the 
free GNU package). This form can be accessed 
through the "gnuplot" hyper link (Figure 1). 
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~'~ I * ~ ' ~ I  ~ I " ~  I ' * '~ ' I  ~ I ~ I ~ I ~ I 1 1  ! 

 NotMul  
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¥oo c~no~r ~ W  P ~  Dm fcrut Io tmwf~7o~ deta~k t~ out w~r, i~teed d wiog FU ~ ~' ~ 
| , ~: | 

rhea, yoa c~ chooNthe wk ~ wiml:to ~erfoart, tad ~ibmit your que~ with thl "Le'm go I" button: 

Afcectk i , ,ym co.'t ~ -,,d dowalo,dd~ {~IWIMt.mE • 

~ You oea ,,-'t" ¢I~ l,,¢e, ,,,,,.lw 'wi, h e WWWi,,~,~ ,o {m.~WJ~. 

~ P~imitoe3 Cooadime ..kza.IM,i,, (PCO) I~ l~ ditl,d.,o l~Mul ~eia mea, t 

Figure 1: Screen shot of NetMui home page. The '~Post Data" hyper link allows to transfer the data table 
to the server. The main menu is set to '~CA on standardised variables", so the 'q~et's go [" button leads 
the form shown in Figure 2. The "output files" hyper link gives access to the directory where all the files 
are stored. The "gnuplot" hyper link leads to the gnuplot form (Figure 3). 
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t o x i n  ~Ig~t$ option: 

Ro¢ weights ~i ie: 

C o l ~ n  weights ~ i l e :  

Save o o r r e l a t i o n  m a t r i x :  

The r o e  and o o l ~ i q h t  ¢9tio:$ may be  equal  to 1, 2 o r  3: 
1 : L1£ w e i g h t s  = 1 / n  ( s t a n d a r d )  
2 : a l l  w i g h t s  m 1 
3 : ~igh t$  are in  . ~i le 

I n  t h e  t h i r d  o a s e ,  g ive ,  t h e  w e i g h t  ~ i l e  name i n  t h e  n e x t  tmo ~ i e l d s  

The Save  o o r r e l a t l o n m t t r i x  o p t i o n  may be  I ( s i r e )  o r  0 ( d o n ' t  s a v e )  

To ~ b m  the q ~ ,  p: . s  t ~  bmon: { S u b ~  Q ~ y  ]. 

NetMd Backw reek menu 

371 

Figure 2: This is the '~PCA 
on standardized variables" 
form. Only the first field 
("Input binary file") is requi- 
red. The default row weight 
is 1/n for all rows (n being 
the number of rows) and the 
default column weight is 1 
for all columns (usual PCA). 
The "Submit Query" button 
starts the computations and 
the '~letMul" hyper link gets 
back to NetMul home page 
(Figure 1). 
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Figure 3: The 
gnuplot interface 
f o r m  ( top)  a n d  an 

example factor 
map (bottom). The 
user can choose 
the file from which 
the coordinates are 
read and the col- 
umn numbers in 
this file for the X 
and Y axes. If the 
Label option is 
se l ec t ed ,  e a c h  e le -  

m e n t  number is 
drawn on the 

graphic. 
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III. Example of use 

A small example of use is presented here. The data 
set is a table containing ten physico-chemical vari- 
ables measured 24 times along a French stream 
(Thioulouse and Chessel, 1987), on which we are 
going to perform a simple (standardized) PCA. 
Variables are in columns and samples in rows. 

A forms compatible WWW client is used to connect 
to NetMul home page. The first step is to paste the 
data table into the Post Data form to send it to the 
server, giving it the name '"rab". The second step is 
to choose the '~PCA on standardized variables" op- 
tion from the main menu. The corresponding form 
is presented in Figure 2. Only the f'urst field (Input 
binary file) must be filled-out, all the others will 
have convenient default values. 

A mouse click on the "output files" hyper link 
(Figure 1) produces a display of the contents of the 
/pub/NetMul/data directory. A number of files have 
been created, among which files "rab.cnli" and 
"l'ab.cnco" respectively contain the row and col- 
umn scores. See the ADE-4 documentation for 
more information about output files. The factor map 
can be obtained very easily with the "gnuplot" hy- 
per link (Figure 3). 

IV. Conclusion 

NetMul is still a prototype application, and could be 
improved in several ways. Nevertheless, it provides 
a good idea of the advantages provided by a GUI 
that is totally system independent. Indeed, the com- 
putation code for multivariate analysis that runs on 
the server is completely isolated from the user inter- 
face code. Conversely, the graphical user interface 
is available on all the current computer systems 
supporting a TCP/IP connection and a WWW cli- 
ent, which includes most Unix workstations, IBM 
PC or compatible microcomputers running Micro- 
soft Windows, and Apple Macintosh. From the 
point of view of the WWW server, the computation 
code can be easily ported to any computer with an 
ANSI C compiler and a WWW server software, 
which also includes almost all usual computer sys- 
tems. Moreover, the HTML scripts that allow to 
build the user interface items are very easy to write. 

We intend to add more functions to NetMul by in- 
corporating other modules from the ADE-4 package 
(for example discriminant analysis, two-tables 
coupling methods like co-inertia analysis and ca- 
nonical correspondence analysis, PLS regression, or 
three-way table methods). 
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